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1. Introduction 
1.1. Introduction to sulfoximines 
Sulfoximines1 as a class of compounds were first discovered in the late 1940’s, during the 
search for a toxic substance, formed as a result of bleaching wheat with NCl3.
2 In 1949, 
Bentley and Whitehead isolated and identified a molecule with the empirical formula 
C5H12N2O3S and formally regarded it as being derived from methionine sulfoxide by addition 
of NH or from methionine sulfone by the replacement of O by NH and proposed the 
possibility of the sulfur atom to be asymmetric which they later confirmed. This new class of 
compounds was called sulfoximines and the sulfoximine derivative of methionine, identified 
as the toxic factor for the disease canine hysteria, was termed methionine sulfoximine 
(Figure 1).3       
 
S
O NH
OH
O
NH2
1
(2S,5S)-methionine sulfoximine
H3C
 
Figure 1 
 
Sulfoximines, the monoaza analogues of sulfones have several interesting features. They 
have a distorted tetrahedral structure with S-N bond lengths (d = 153.7 pm) lying between a 
typical S-N single bond and a S-N triple bond (d = 144.1 pm). This data coupled with IR data 
provides evidence for the presence of double bond character of the S-N and S-O bonds in 
sulfoximines. The sulfur atom is stereogenic in nature (R1 ≠ R2). The nitrogen attached to the 
sulfur atom has a nucleophilic character. Hydrogen atoms α to the S-atom are acidic and 
their acidity depends greatly on the R3 group present on the N-atom (pKa = 32 if R3 = Me, 
pKa = 23 if R3 = Ts) (Figure 2).1g, 4  
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S
R1 R2
O N
H
Acidic H-atom
(Acidity depends on R3)
Stereogenic S-atom
(only if R1 = R2)
Nucleophilic N-atom
R3
 
Figure 2 
 
Sulfoximines are constitutionally and configurationally very stable compounds and serve an 
important role in asymmetric synthesis as ligands or chiral auxiliaries. 1g-k, 5 They have also 
been used as building blocks of pseudopeptides6 and are known to exhibit biological 
activity.7  
Since the first reported synthesis of an enantiopure sulfoximine in 1965,8 several strategies 
for their preparation have been developed, however they have largely been limited to the 
preparation of diaryl or alkyl aryl sulfoximines. Several bioactive dialkyl sulfoximines are 
known but the effect of absolute configuration of the sulfur centre on the potency of some 
of these compounds has not been determined. For example, (S,S)-methionine sulfoximine 
(1) has been identified as the most active diastereoisomer for the inhibition of glutathione 
synthetase3c while the sulfoximine myristic acid analogue (2) that exhibits monoley leukemia 
virus (MoLV) replication antagonism has only been used as a racemate.9   
  
S
H3C C13H27
O NH
2  
Figure 3 
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1.2. Synthesis of sulfoximines: Introduction 
A number of routes for the synthesis of sulfoximines have been developed since their 
discovery by Bentley and Whitehead. Generalizing the most common pathways for the 
synthesis of sulfoximines, starting from sulfide 3, they can be divided into two main routes 
(Scheme 1):  
a) Oxidation of sulfide 3 to form sulfoxide 4 followed by imination to form sulfoximine 6. 
OR 
b) Imination of the sulfide 3 to form sulfilimine 5 followed by oxidation to form sulfoximine 
6.  
 
S
R1 R2
S
R2R1
O
S
R2R1
N
R3
S
R1 R2
O N
R3
Oxidation
Imination Oxidation
Imination
3
4
5
6
R1, R2 = alkyl, aryl
R3 = H, alkyl, aryl
 
Scheme 1 
 
The imination reaction starting from either sulfides 3 or sulfoxides 4 to form sulfoximines 6 
can further be divided into two main categories (Scheme 2):  
a.) Metal-free imination and 
b.) Metal-catalyzed imination reaction. 
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Figure 4 
 
Some of the most common reagents employed for the metal-free synthesis of sulfoximines10 
are sodium azide and sulfuric acid, O-mesitylenesulfonylhydroxylamine (MSH), Chloramine-
T, aminophthalimde, nosyl amide (NsNH2) along with PhI(OAc)2, N-bromosuccinimide (NBS) 
in presence of cyanogen amide (as nitrogen source) and most recently sulfonylimino-λ3-
bromane for the imination reaction. 
The most common metal catalysts used for imination at the sulfur center11 are Rh-
complexes, Cu salts, Ag complexes and Fe salts. 
An enantiopure sulfoximine was obtained for the first time, in 1965, by the resolution of (±)-
methyl phenyl sulfoximine (7) with (+)-10-camphorsulfonic acid (CSA) as the resolving 
agent.8 A number of improvements to the protocol12 appeared since then but it was not 
until 1997, when Brandt and Gais published a procedure for resolution of (±)-methyl phenyl 
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sulfoximine with CSA by the method of half-quantities,13 that it could be resolved to almost 
mole-scale separations (Scheme 2).     
S
CH3
1) 0.6 eq. CSA
2) Filter
3) Aq. NaOH
S
S
CH3
CH3 80%, >99% ee
74%, 97-99% ee
(±)-10
(+)-10
()-10
O NH
O
O NH
NH
 
Scheme 2 
 
The procedure relies on the separation of the diastereomeric salt (+)-10/(+)-CSA from 
sulfoximine (−)-10 rather than on the separation of the two diastereomeric salts (+)-10/(+)-
CSA from (−)-10/(+)-CSA present in equal amounts if one equivalent of (+)-CSA is used. This 
method of resolution is efficient and almost mole-scale quantities (up to 0.75 mol) of 
enantiomerically pure sulfoximine can be obtained. Unfortunately, only (±)-methyl phenyl 
sulfoximine can be resolved by this route and attempts to widen the substrate scope, and 
extend this CSA-based resolution to other chiral sulfoximines have largely remained 
unsuccessful. 
In 2007 McGrath and Bolm published a method for synthesizing enantioenriched 
sulfoximine using chiral base desymmetrization strategy (Scheme 3).14 
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S
H3C CH3
O NR' 1) Chiral base
2) E+
S
H3C
O NR'
E
R' = TMS, TBDPS
11 12
 
Scheme 3 
 
Asymmetric deprotonation of N-trialkylsilyl dimethyl sulfoximines with either enantiomer of 
lithium N,N-bis(1-phenylethyl)amide in the presence of lithium chloride afforded 
enantioenriched sulfoximines on electrophilic trapping with enantiomeric excesses of up to 
68 %. 
An alternative route for the synthesis of enantioenriched sulfoximines is by the 
stereospecific imination of optically active sulfoxides.11, 15    
 
1.3. Metal-free imination reactions of sulfides/sulfoxides  
1.3.1. Synthesis of sulfoximines under metal-free conditions  
Owing to the growing importance of sulfoximines in the field of asymmetric catalysis5 and 
their use as pseudopeptides6 there is an augmenting need for finding a general method for 
the synthesis of sulfilimines or sulfoximines. N-cyano sulfoximines that can be easily 
prepared from N-cyano sulfilimines have great interest as agrochemicals.16 Metal-free 
iminations at the sulfur center offer an attractive prospect for the synthesis of 
sulfilimines/sulfoxides. In this section selected examples of the metal-free imination of 
sulfides/sulfoxides will be presented.  
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1.3.1.1. Imination of sulfoxides using hydrazoic acid 
This is the oldest method for the synthesis of sulfoximines starting from sulfoxides, 
developed by Bentley and Whitehead17 and remained a popular choice for the synthesis of 
free −NH sulfoximines for a long time (Scheme 4). 
 
 
S
R1 R2
O NaN3, H2SO4
CHCl3, rt
S
R1 R2
O NH
4 6  
Scheme 4 
 
In this method hydrazoic acid is generated in situ by reaction of sodium azide with sulfuric 
acid which in turn iminates the sulfoxide 4 into the corresponding free −NH sulfoximine 6 
(Scheme 4). However this strategy can only be used to iminate sulfoxides and the reagents 
used are toxic. 
 
1.3.1.2. O-mesitylenesulfonylhydroxylamine (MSH) 
The use of MSH as an iminating agent for the synthesis of sulfilimines and sulfoximines was 
developed by Ikeda and co-workers in 197218 and has been extensively used as a milder 
technique (Scheme 5).19 
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S
R1 R2
O
S
R1 R2
S
R1 R2
O NH2
S
R1 R2
O NH
S
R1 R2
NH2 Work-up under basic conditions S
R1 R2
NH
OMes
Oxidation
3
4 6
7
OMes
MSH
CH2Cl2, rt
MSH
CH2Cl2, rt
Work-up under 
basic conditions
13
14
H3C
H3C
CH3SO
O
O
H2NMSH =
15  
Scheme 5 
 
This method can be used for the synthesis of free −NH sulfoximine 6 starting from either the 
sulfide or the sulfoxide. The sulfilimine or sulfoximine is obtained as an O-mesityl salt which 
on basic work-up provides the corresponding sulfilimine or sulfoximine. The sulfilimine 7 can 
be further oxidized to obtain the corresponding sulfoximine. One of the major advantages of 
this method is the retention of stereochemistry at the sulfur center. Hence enantiopure 
sulfoximines can be synthesized with retention of configuration starting with optically active 
sulfoxides (Scheme 6).20   
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H3C
S
CH3 MSH
CH2Cl2, rt H3C
S
CH3 aq. NaOH
H3C
S
CH3
O
(R)-methyl p-tolyl sulfoxide
99% ee
(R)-methyl p-tolyl sulfoximine
80%, 99% ee
16 17 18
NH2O NHO
OMes
 
Scheme 6 
 
For example, (R)-methyl p-tolyl sulfoximine (18) can be synthesized starting from (R)-methyl 
p-tolyl sulfoxide (16) with retention of configuration (Scheme 6).20   
 
1.3.1.3. N-aminophthalimide  
N-Aminophthalimide in presence of phenyliodine (III) diacetate (PIDA, also known as 
iodobenzene diacetate) reacts with sulfoxides to give N-phthalimide sulfoximines in 
moderate to excellent yields (Scheme 7).21   
 
S
R1 R2
O
+ N
O
O
NH2
PhI(OAc)2
CH2Cl2, rt, 3-4h
S
R1 R2
O N
Phth
4 19 20: 46-99%
N-aminophthalimide Phth = phthalimide
 
Scheme 7 
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According to the proposed mechanism, N-aminophthalimide is oxidized by PIDA to form N-
acetoxyaminophthalimide which is believed to be the reactive intermediate leading to the 
formation of N-phthalimide sulfoximine 20. Acetic acid and iodobenzene are formed as by-
products. This method was also applied for the imination of vinylsulfoxides. No reaction 
occurs at the carbon-carbon double bond under the same reaction conditions. 
Unfortunately, this method cannot be used for the imination of sulfides which the authors 
attributed to the possibility of the unstable nature of sulfilimines.   
 
1.3.1.4. Electrochemical method 
Yudin and co-workers developed an electrochemical strategy for nitrogen transfer reactions 
that can also be applied to sulfoxides leading to their chemoselective transformations to the 
corresponding sulfoximines (Scheme 8).22, 1i 
 
S
R1 R2
O
+ N
O
O
NH2
Pt-anode (+1.80V)
MeCN
Et3NH+OAc
rt, 3.5 - 4h
S
R1 R2
O N
Phth
S
R1 R2
O NHPt-cathode
20: 62-88% 6: 52-81%4 19
N-aminophthalimide (N-Phth)  
Scheme 8 
 
This method involves the generation of nitrenes which iminates the sulfoxide to form N-
phthalimide sulfoximines. The role of the acetate anion is crucial to the reaction as it 
prevents the dimerization of the electrochemically generated nitrene. The authors state 
that the nature of the electrode material is important for the reaction and a silver wire was 
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used as a pseudo reference electrode. Also noteworthy is the fact that this method is 
applicable to enantiopure sulfoxides to form N-phthalimide sulfoximine stereospecifically. 
 
1.3.1.5. HMDS and 3-acetoxyaminoquinazolinone 
3-Acetoxyamino-2-ethylquinazolinone (QNHOAc) is a nitrogen source. Along with 
hexamethyldisilazane (HMDS) it reacted with sulfoxides to obtain N-quinazoline derivatives 
of sulfoximines in moderate to excellent yields (Scheme 9).23 
 
S
R1 R2
O
+
N
N O
NHOAc
HMDS
CH2Cl2 
78 °C to 10 °C
S
R1 R2
O N
N
N
O
R1 = Me, Ph
R2 = Me
if R1 = Ph, R2 = Et, iPr, tBu, c-hexyl, Bn
4 21 22
 
Scheme 9 
 
3-Acetoxyamino-2-ethylquinazolinone is synthesized by the reaction of 3-amino-2-
ethylquinazolinone with toxic lead tetraacetate (LTA). QNHOAc in presence of HMDS reacts 
with sulfoxide 4 at lower temperatures to yield 22. 
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1.3.1.6. Iodobenzene diacetate 
In 2005, Cho and Bolm demonstrated a metal-free imination method which makes use of 
iodobenzene diacetate and 4-nitrobenzenesulfonyl amide (as nitrogen source) for the 
imination at sulfur center (Scheme 10).24 
 
S
R1 R2
O
4
S
R1 R2
3 NsNH2, PhI(OAc)2
CH3CN, reflux
S
R1 R2
24
S
R1 R2
23
NNs
O NNs
 
Scheme 10 
 
This method can be applied for the synthesis of sulfilimines as well as sulfoximines. Sulfides 
3 or sulfoxides 4 are refluxed with nosyl amide and iodobenze diacetate for 16 h to obtain 
N-nosyl sulfilimine 23 or N-nosyl sulfoximine 24, respectively. The N-nosyl sulfoximine can 
then be treated with Cs2CO3 and thiophenol to obtain the free NH-sulfoximine 6. 
Unfortunately this method does not work well with benzyl phenyl sulfoxide and phenyl vinyl 
sulfoxide. Also, enantiomerically enriched sulfoximines cannot be synthesized 
stereospecifically using this method which can be attributed to the high reaction 
temperatures over a long duration.   
 
1.3.1.7. Cyanogen amide 
This is by far the simplest and most convinient method for the synthesis of sulfilimines or 
sulfoxides. Several N-cyano sulfilimines can be prepared using this method developed by 
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Bolm and co-workers. The N-cyano sulfilimine can then be further oxidized to obtain N-
cyano sulfoximine (Scheme 11).25a 
 
S
R1 R2
3
NH2CN, NBS
t-BuOK, MeOH, rt
S
R1 R2
N
CN
m-CPBA, K2CO3
EtOH, 0 °C to rt
S
R1 R2
O N
CN
28
29
S
R1 R2
O NH
6
Deprotection
 
Scheme 11 
 
Sulfides 3 can be iminated by using cyanogen amide as nitrogen transfer agent in the 
presence of potassium tert-butoxide and N-bromosuccinimide (NBS) at room temperature 
to provide N-cyano sulfilimine 28 in excellent yields. This sulfilimine can then be further 
oxidized using well known oxidizing agents such as m-CPBA to obtain N-cyano sulfoximines 
29 in excellent yields. The N-cyano group on the sulfoximine can easily be converted to the 
attractive N-trifluoroacetylsulfoximines which can then be further deprotected to give free 
−NH-sulfoximines. Aryl-alkyl sulfides, aryl-aryl and alkyl-alkyl sulfides can be iminated using 
this method. 
 
1.3.1.8. Sulfonylimino-λ3-bromane 
This is the most recent method for the metal-free imination of sulfides/sulfoxides. 
Trifluoromethanesulfonylimino(aryl)-λ3-bromane transfers the sulfonylamino group to sulfur 
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atoms to provide N-triflylsulfilimines or N-triflylsulfoximines in excellent yields (Scheme 
12).26 
 
S
R1 R2
S
R1 R2
O
+
CF3
BrCF3SO2N
CH2Cl2
0 °C
S
R1 R2
S
R1 R2
NSO2CF3
O NSO2CF3
3
4 25
26
27  
Scheme 12 
 
Trifluoromethanesulfonylimino(aryl)-λ3-bromane is prepared by the reaction of aryl 
(difluoro)-λ3-bromane with triflic amide at 0 °C. This is then reacted with sulfide 3 or 
sulfoxide 4 in dichloromethane at 0 °C giving the corresponding N-triflylsulfilimines 26 or N-
triflylsulfoximines 27 respectively, in excellent yields. This method can also be used for 
iminating vinyl sulfides/sulfoxides (phenyl vinyl sulfide/sulfoxide).  Enantiomerically pure 
sulfoxides can be stereospecifically iminated with retention of configuration.        
 
1.4. Metal-catalyzed imination reactions of sulfides/sulfoxides 
1.4.1. Metal-catalyzed synthesis of sulfoximines: General Introduction 
The metal-catalyzed oxidative iminations of sulfides/sulfoxides provide a great scope for the 
synthesis of sulfilimines/sulfoximines. These reactions usually proceed under very mild 
reaction conditions and are also usually capable of maintaining the enantiopurity of the 
products. The most common metals that are used in these reactions are rhodium, silver, 
copper and iron. A copper (0)-catalyzed imination reaction with tosylazide reported in 1967 
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by Kwart and Kahn is one of the earliest known metal-catalyzed reactions for the synthesis 
of sulfoximines.27 The efficiency of this reaction was limited and an excess of metal was 
required to catalyze the reaction. Between 1973-1976 a few other publications using copper 
(0) or copper (I) chloride for the imination of sulfides/sulfoxides appeared28 but it wasn’t 
until about more than 30 years later that activity in this field picked up when two groups 
independently but almost simultaneously published metal-catalyzed imination reactions for 
the synthesis of sulfoximines.29, 30 Bolm and co-workers have played an important role in 
this field introducing various metal catalysts for this reaction thus expanding the field vastly. 
In this section some of the most popular metal-catalyzed sulfide/sulfoxide imination 
methods starting with Bach’s FeCl2 method, will be discussed.  
 
1.4.1.1. Bach’s procedure 
On April 28th 1998, Bach and Körber reported an FeCl2-promoted nitrene transfer process 
for the imination of sulfides/sulfoxides (Scheme 13).29a This is one of the two publications 
that set in motion the search for an efficient metal-catalyzed imination reaction at the sulfur 
atom.  
 
S
R1 R2
S
R1 R2
O
FeCl2
CH2Cl2
+ BocN3
S
R1 R2
S
R1 R2
O N
N
Boc
Boc
3
4
30
31  
Scheme 13 
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In this reaction, sulfides 3 or sulfoxides 4 react in presence of FeCl2 and BocN3 to form N-Boc 
sulfilimine 30 or N-Boc sulfoxide 31, respectively. This method is also useful for synthesizing 
enantiomerically enriched sulfoximines with retention of configuration.29b Though the 
efficiency of this catalyst is not high, it presents an attractive prospect for the synthesis of 
free NH-sulfoximine as the resulting N-Boc sulfoximines can be easily de-protected (Scheme 
14).31   
 
S
R1 R2
O N
Boc
31
CF3COOH
CH2Cl2
S
R1 R2
O NH
6  
Scheme 14 
 
1.4.1.2. Müller’s procedure 
This procedure for the imination at sulfur center was reported at almost the same time as 
Bach and Körber on April 29th 1998. Müller and Vogt described the synthesis of a CuOTf 
catalyzed synthesis of N-tosylsulfoximine using PhI=NTs as a nitrene source (Scheme 15).30 
 
S
R1 R2
O CuOTf
toluene
0 °C-rt
+ PhI=NTs S
R1 R2
O N
Ts
4 32  
Scheme 15 
 
In this reaction PhI=NTs is used as a source of nitrogen. The reaction uses a catalytic amount 
of CuOTf (5 mol%) to provide N-tosylsulfoximine 32 in good yields. This reaction did not 
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seem to affect the alkene moiety in a phenyl vinyl sulfoxide and provided the corresponding 
N-tosylsulfoximine in good yield (79%). The authors also demonstrated the applicability of 
this reaction to an enantioenriched sulfoxide to provide the corresponding N-
tosylsulfoximine with retention of configuration. This method needed inert conditions and 
dry solvents. 
A little later, in 1999, Uemura and co-workers published a method for the synthesis of diaryl 
N-tosyl sulfilimines using copper (II) triflate and chloramine T.32  
 
1.4.1.3. Malacria’s procedure 
In 2002 Malacria and co-workers published an improved method for the imination of 
sulfoxides. Using copper (II) triflate and PhI=NTs, they obtained N-tosylsulfoximines in 
excellent yields (72%-96%) (Scheme 16).33 
 
S
R1 R2
O Cu(OTf)2 (10 mol%)
CH3CN, rt
+ PhI=NTs S
R1 R2
O N
Ts
4 32  
Scheme 16 
 
This procedure shows high tolerance to reaction conditions. It does not require inert 
conditions or dry distilled solvents and proceedes with retention of configuration at the 
sulfur atom. It tolerates vinyl sulfoxides and the possibility of synthesizing acetylenic 
sulfoximines was shown for the first time (Scheme 17). Sterically hindered sulfoxides can 
also be iminated using this method.  
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S
O
H3C
Cu(OTf)2 (10 mol%)
CH3CN, rt
PhI=NTs+
S
H3C
O N
Ts
33 34
Bu Bu
 
Scheme 17 
 
The synthesis of N-Tosyl vinyl and acetylenic sulfoximines with retention of configuration 
was achieved as well.  
 
1.4.1.4. Tye’s procedure 
Using a copper (I) complex, Tye and co-workers demonstrated the imination of sulfoximines 
bearing different protecting groups such as 4-toluenesulfonyl, 4-nitrobenzenesulfonyl and 
trimethylsilylethylsulfonyl (Ses) groups.34 
 
S
R1 R2
O CuPF6[CH3CN]4 (5 mol%)
CH3CN, 0 °C to rt
+ PhI=NR S
R1 R2
O N
R
4 36
R = Ts, Ns, Ses
35
 
Scheme 18 
 
A CuPF6[CH3CN]4 complex (5 mol%) in presence of a preformed iminoiodane reagent 35 
provided the corresponding protected sulfoximine 36 in moderate to good yields (Scheme 
18). Tye also described the deprotection of N-Ns and N-Ses protected methyl phenyl 
sulfoximines (Scheme 19).  
1. Introduction 
 
 
27 
 
S
CH3
O N
R
S
CH3
O NH
A: If R = Ns
Cs2CO3, PhSH, solvent, rt
B: If R = Ses
TBAF, THF, 50 °C, 86%
1036
A: If solvent is: CH3CN, 59% yield
                         DMF, 35% yield
 
Scheme 19 
 
The imination of some substrates such as phenyl vinyl sulfoxide (37) that was not possible 
using MSH, could be achieved with CuPF6 complex (Scheme 20).  
 
S
O
S
O
X
PhI=NR
CuPF6 (5 mol%)
R= Ts, Ns, Ses
S
S
X
O NR
O NR
X = Br, CO2Me
37
38
39: 30-93%
40: 41-78%
 
Scheme 20 
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1.4.1.5. Katsuki’s Mn-salen catalyzed procedure 
In 1999, Katsuki reported the enantioselective imination of alkyl aryl sulfides using a (R,R)- 
or (R,S)-Mn-salen complex as a catalyst. PhI=NTs was used as a nitrene transfer agent to give 
N-tosyl sulfilimines in moderate to excellent yields (Scheme 21).35  
 
S
[(R,R) or (R,S)]-Mn-Salen complex (5 mol%)
PhI=NTs
S
NTs
3 41
R1 R2 R1 R2
 
Scheme 21 
 
They found that the enantioselectivity of the Mn-salen catalyzed imination depended on 
several factors.  In the case of aryl alkyl sulfides, it was found that the enantioselectivity 
decreased as the size of the alkyl group increased. For some substrates, NMO was required 
as an additive for obtaining high enantioselectivities of the N-tosyl sulfilimine 41. The 
configuration of the salen ligand as also the solvent and nucleophilicity of sulfides all play a 
role in the stereoselectivity of the product. 
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(R, R)-Mn-Salen complex (R, S)-Mn-Salen complex
 
Figure 5 
 
1.4.1.6. Katsuki’s Ru-salen catalyzed procedure 
After showcasing the possibility of the use of Mn-salen complex for the imination of sulfides, 
Katsuki and coworkers displayed the use of a chiral Ru(II)-salen complex36 for the 
enantioselective imination of alkyl aryl sulfides using arylsulfonyl azide (Scheme 22).36a 
 
S
R1 R2
Ru-Salen complex (2 mol%)
TsN3, 4Å MS
CH2Cl2, rt, 24h
S
R1 R2
3
N
Ts
41: 36-99% yield
      66-99% ee  
Scheme 22 
 
The chiral Ru(II)-salen complex (Figure 6) led to excellent yields and enantioselectivities in 
conversion of most substrates when molecular sieves (MS) were used. The arylsulfonyl azide 
served as a nitrene precursor for the asymmetric imination of the sulfide 3 to form N-tosyl 
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sulfilimine 41. However, benzyl methyl sulfide proved to be a poor substrate for the 
imination using this method giving low yield (36%) and poor enantioselectivity (66% ee).  
 
Ru
NN
OO
CO
R R
R = Ph
Ru-Salen complex  
Figure 6 
 
In 2003 Katsuki and co-workers used the same chiral Ru-salen complex along with an N-
alkoxycarbonyl azide to form N-alkoxycarbonyl sulfilimine 42 (Scheme 23).36b 
 
S
R1 R2
Ru-Salen complex (2 mol%)
4Å MS
CH2Cl2, rt, 24h
S
R1 R2
3
N
CO2C(CH3)2CCl3
42: 74-99% yield
      92-99% ee
+ Cl3CC(CH3)2OCON3
 
Scheme 23 
 
They found that the enantioselectivity increased as the bulkiness of the alkyl group of the 
alkoxycarbonyl azide increased. 2,2,2-Trichloro-1,1-dimethylethoxycarbonyl azide was found 
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to be best suited for imination of aryl alkyl sulfide 3 to form enantiopure N-2,2,2-trichloro-
1,1-dimethylethoxycarbonyl sulfilimine 42 in good to excellent yields and 
enantioselectivities. Unfortunately, in both these cases the applicability of the Ru-salen 
complex is limited to aryl alkyl sulfilimines. 
 
1.4.1.7. Bolm’s rhodium catalyzed procedure 
In 2004, Okamura and Bolm published a procedure for the imination of sulfides/sulfoxides 
which used a [Rh2(OAc)4] catalyst. This method offered the flexibility of synthesizing 
sulfoximines with varied protecting groups on the sulfoximine nitrogen atom (Scheme 24).37       
 
S
R1 R2
S
R1 R2
O
[Rh2(OAc)4] (2.5 mol%)
PhI(OAc)2, MgO
CH2Cl2, rt
+ X
S
R1 R2
N
X
3
4
43
NH2
S
R1 R2
O N
44
XX= COCF3
Mesityl, Nosyl
 
Scheme 24 
 
A Rh(II)-catalyst in the presence of a combination of trifluoroacetamide or sulfonylamides 
with iodophenyl diacetate and magnesium oxide iminates the sulfur atom giving the 
corresponding sulfilimine 43 or sulfoximine 44. Preformed iminating agents (like PhI=NNs) 
gave slightly better yields in a shorter duration of time. Enantiomerically pure sulfoximines 
were synthesized using this mild procedure with retention of configuration. Synthetically 
valuable NH-sulfoximine was accessible by the deprotection of N-COCF3 sulfoximines 
(Scheme 25). 
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S
R1 R2
O N
COCF3
44
K2CO3
MeOH
S
R1 R2
O NH
6  
Scheme 25 
 
The deprotection of N-COCF3 sulfoximines 44 could also be carried out in one pot for easy 
access to NH-sulfoximine 6. 
 
1.4.1.8. Bolm’s silver catalyzed procedure 
Barely a year after Okamura and Bolm demonstrated the use of a rhodium complex as a 
catalyst for the synthesis of sulfilimines and sulfoximines, they demonstrated the 
applicability of another metal for imination at the sulfur atom. A cheaper alternative to the 
Rh-catalyzed imination reaction that utilized a silver salt as catalyst was developed (Scheme 
26).38 
 
S
R1 R2
S
R1 R2
3
N
X
S
R1 R2
4
O
S
R1 R2
O N
X
AgNO3 (8 mol%)
4,4',4''-t-Bu3tpy (8 mol%)
X-NH2, PhI(OAc)2
CH3CN, rt or reflux
X = Ts, Ns, Ses, 2-pyridylsulfonyl
45
46  
Scheme 26 
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The imination of sulfides/sulfoxides involves the use of AgNO3 along with 4,4’,4’’-tri-tert-
butyl terpyridine in the presence of stoichiometric quantities of iodobenzene diacetate. The 
reaction proceeds under mild conditions at room temperature or elevated temperatures. 
This method provides an excellent means of synthesis of various N-protected sulfilimines 45 
or sulfoximines 46. Unfortunately, trifluoroacetamide, which can be easily de-protected, 
could not be used as a nitrogen source for such imination reactions. This procedure is also 
useful for preparing enantiopure sulfoximines with retention of configuration, starting from 
enantiopure sulfoxides.    
 
1.4.1.9. Bolm’s iron (III)-catalyzed procedure 
In a continuing effort to provide a cheaper and versatile method for the synthesis of 
sulfilimines and sulfoximines, Mancheño and Bolm introduced a protocol using iron (III) as a 
catalyst (Scheme 27).39  
 
S
R1 R2
S
R1 R2
3
N
R'
S
R1 R2
4
O
S
R1 R2
O N
R'
47: 45-92% yields
48: 66-96% yields
Fe(acac)3 (5 mol%)
R'SO2NH2, PhI=O
CH3CN, rt
 
Scheme 27 
 
Fe(acac)3 in combination with iodosylbenzene proved to be an excellent and versatile 
catalyst system for the imination at the sulfur atom. A wide variety of N-protected 
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sulfilimines 47 or sulfoximines 48 (Ts, Ns, ses, etc.) were quickly and easily synthesized at 
room temperature in moderate to excellent yields. Cleavage of the N-protecting groups 
such as 4-nitrobenzenesulfonyl group (Ns) provided valuable NH-sulfoximines. Starting with 
enantiopure sulfoxides, this method allowed for the synthesis of enantiomerically pure 
sulfoximines. Sterically hindered sulfilimines such as 49 could also be iminated under these 
conditions (Scheme 28). 
 
CH3
CH3
S
H3C
CH3
Fe(acac)3 (5 mol%)
NsNH2, PhI=O
CH3CN, rt
CH3
CH3
S
H3C
CH3
N
Ns
49 50  
Scheme 28 
 
A mechanism involving an iron-nitrene complex was proposed as an intermediate, favoring 
the formation of sulfilimines, for the imination reaction. A possible involvement of Fe(III) 
and Fe(V) species was also proposed. 
 
1.4.1.10. Bolm’s iron (II)-catalyzed procedure 
In 2009, Mancheño and Bolm reported an improvement to their iron (III)-catalyzed 
sulfide/sulfoxide imination procedure. An Fe(OTf)2-catalyzed reaction, which overcame the 
shortcomings of the previous method was described. The challenges in using Fe(acac)3 for 
the imination of sterically hindered sulfoxides, heteroaryl-substituted sulfoxides, etc. was 
addressed by this new method (Scheme 29).40 
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S
R1 R2
4
O
S
R1 R2
O N
R'''
51
Fe(OTf)2 (2.5-15 mol%)
PhI=NSO2R'''
4Å MS, CH3CN, rt
 
Scheme 29 
 
This catalytic system provides an excellent and versatile method for the preparation of N-
arylsulfonyl or N-alkylsulfonyl sulfoximines. The procedure is equally suitable for the 
imination of dialkyl sulfoximines. This method involves the use of preformed iminoiodinanes 
as source of nitrogen along with Fe(OTf)2 (2.5-15 mol%) as catalyst for the imination of 
sulfoxides 4 to provide sulfoximine 51 with various N-protecting group. The yield of the 
reaction decreased considerably in the absence of molecular sieves. Aryl (alkyl) sulfonyl 
amides in combination with iodosylbenzene can also be used as a nitrene source albeit with 
lower yields. Various N-alkyl (aryl) sulfonyl sulfoximines were synthesized with this catalyst 
system (Figure 7).  
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52: 95% 53: 81%
54: 65% 55: 70% 56: 20%
 
Figure 7 
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Hetroaryl, benzyl and stearically demanding sulfoxides have been iminated using this 
method (Figure 8).      
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60: 55% 62: 83%
63: 62% 64: 50% 65: 57%
61: 92%
 
Figure 8 
 
Enantiomerically pure sulfoximines were synthesized by using this procedure starting with 
optically active sulfoxides with retention of configuration. The deprotection of the N-
sulfonyl moeities led to synthetically valuable NH-sulfoximines. 
 
1.4.1.11. Comparative study of metal-catalyzed iminations of sulfoxides and sulfides    
In 2007, Mancheño and Bolm, reported an exhaustive study on the iminations of sulfides 
and sulfoxides.41 Several metal catalysts such as [Rh2(OAc)4], AgNO3/t-Bu3tpy, Cu(OTf)2, 
Fe(acac)3, Co(ClO4)2, [Co(acac)3], [Mn(acac)3] along with 4-nitrobenzenesulfonyl amide as 
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nitrogen source, generated in-situ (PhIO + NsNH2) or as preformed iminoiodinane (PhINs), 
were used for the imination of methyl phenyl sulfoximine. Fe(acac)3 with iminoiodinane 
generated in-situ and [Rh2(OAc)4] with pre-formed iminoiodinane provided the best yields 
(97% and 93%, respectively) in the shortest time (0.5 and 1 hour, respectively). Co(ClO4)2 
and Cu(OTf)2 afforded the product N-nosyl methyl phenyl sulfoximine in very low yield (28% 
and 25%, respectively) even after a prolonged reaction time. [Mn(acac)3] and [Co(acac)3] did 
not react under the test conditions. The study was also carried out on several heterocyclic 
sulfoxides with different metal catalysts (Figure 9). 
 
S
CH3
N
N
S
CH3
N
N
O O
S
R
S
R
O
S
S
O
69 70 71 72
R: Ph, n-Bu, Me  
Figure 9 
 
The imination of compounds containing sulfur in different oxidation states such as thirane 
71 or para-thio phenyl sulfoxide 72, generally sulfilimines were iminated preferably in 
comparison to sulfoxides, especially when the iminoiodinanes were generated in situ. The 
rhodium catalyst was found to be most selective for the imination of sulfides even when 
preformed iminoiodinane was used. Hitherto unknown deprotection of N-nosyl heterocyclic 
sulfoximines was also carried out successfully (42-55% yields). No rational reaction pattern 
for metal-catalyzed imination reaction of heterocyclic sulfoximines was found.   
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1.5. Alternative methods for the synthesis of sulfoximines 
1.5.1. From other sulfoximines 
Enantiomerically pure sulfoximines or synthetically important sulfoximines (such as some 
heterocyclic sulfoximines) can be obtained from sulfoximines that are easy to synthesize, 
from any of the metal-catalyzed or metal-free methods discussed earlier. Some “key 
sulfoximines” are generally used for this purpose (Figure 10). A number of allylic,42 vinylic,43 
or N-substituted sulfoximines44 have been prepared in this way.  
 
S
H3C CH3
O NH
S
CH3
O NH
S
H3C CH3
O N
S
CH3
O N
CH3
SiMe3
10
66 67
68
 "Key sulfoximines"
 
Figure 10 
 
1.5.1.1. Synthesis of allylic and vinylic sulfoximines 
Enantiopure allylic or vinylic sulfoximines are useful as Michael acceptors in conjugate 
addition reaction45 or as reactants for pericyclic reactions.46 Vinylic sulfoximines can be used 
as precursors for the synthesis of allylic sulfoximines.47 Apart from some of the direct 
methods for the preparation of such sulfoximines (metal-free and metal-catalyzed) 
discussed above, there are several indirect methods for their syntheses.  
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Scheme 30 
 
Some of the most important developments for the synthesis of allylic sulfoximines are 
depicted in Scheme 30. A illustrates the first synthesis of allylic sulfoximines starting with a 
sulfonimidate. This was developed by Johnson and co-workers in 1979.42a B shows the 
synthesis of the first enantiopure allylic sulfoximine 72 by Reggelin.42c C and D depict the 
methods published by Gais and Harmata respectively.42b, d Gais and co-workers prepared 
enantiomerically pure allylic sulfoximines 74 from the base promoted isomerizaion of vinylic 
sulfoximine 73.42b At about the same time Harmata and co-workers were successful in 
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preparing racemic allylic sulfoximines from S-chloro sulfoximine using AlCl3 and 
allyltributylstannane or allyltrimethylsilane. S-Fluoro sulfoximine was also allylated at low 
temperature with allyllithium to give N-phenyl allyl phenyl sulfoximine.42d 
In 1985 Gais et al., developed a method for the synthesis of vinyl sulfoximines that utilized 
an “in-situ Peterson reaction” (Scheme 31).43a 
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S
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R'
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Scheme 31 
 
Optically active N-tosyl vinyl sulfoximine 81 was synthesized starting from enantiopure N-
tosyl methyl phenyl sulfoximine (78) in one-pot by a sequence of lithiation, silylation and 
lithiation reactions to give 80 which was subsequently subjected to reaction with various 
carbonyl compounds to yield the corresponding vinyl sulfoximines in 23-76% yields. This 
reaction was typically “E-selective” (98% ds). 
Preparation of a free NH-vinyl sulfoximine was first reported by Hwang in 1986. A carbonyl 
addition of a lithiated N-silyl sulfoximine delivers the ß-hydroxy sulfoximines 83 which on 
further manipulations provide free NH-vinyl 84 or N-formyl or N-acetyl sulfoximines 85 
(Scheme 32).43b 
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85  
Scheme 32 
 
In 1992, Craig and Geach, described a procedure for the synthesis of enantiopure vinyl 
sulfoximines using a Wadsworth-Emmons reaction (Scheme 33).43d 
 
S
CH3
O NTs 1. n-BuLi
2. t-BuOK
3. (EtO)2P(O)Cl
4. RCHO
S
O NTs
78 86: 60-91% yields
R
 
Scheme 33 
 
A sequential reaction similar to the method developed by Gais was reported. Starting from 
enantiopure 78 the N-tosyl methyl phenyl sulfoximine was subjected to lithiation followed 
by addition of potassium tert-butoxide. Electrophilic substitution with diethyl 
chlorophosphate followed by treatment with an aldehyde provided predominantly E-vinylic 
sulfoximines 86 in good to excellent yields.  
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In 1993, Craig and Geach described another method for the synthesis of free NH-vinyl 
sulfoximines with E-configuration and a number of N-triflic vinyl sulfoximines derivatives 
were subsequently synthesized (Scheme 34).43e 
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Scheme 34 
 
Some other common methods for the preparation of vinylic sulfoximines are listed in 
Schemes 35, 36 and 37. 
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In 1990, Paley and Snow reported the synthesis of various vinyl sulfoximines.43c The OTs in 
compound 92 can be substituted by a number of alkyl, aryl or alkenyl groups to form N-acyl-
(E)-dienyl as well as enynylsulfoximines (Scheme 35). 
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Scheme 36 
 
A method for the synthesis of vinyl sulfoximine using a hydroxyalkylation-elimination 
strategy was reported by Jackson and co-workers in 1993. An N-tosyl protected methyl 
phenyl sulfoximine (78) was subjected to a reaction with n-BuLi followed by treatment with 
an aldehyde to provide the ß-hydroxysulfoximine 93, which on reaction with 
methanesulfonylchloride in presence of triethylamine provided the corresponding 
mesylated sulfoximine 94. Vinyl sulfoximine 95 was obtained by treatment of 94 with DBU 
(Scheme 36).43f 
 
 
1. Introduction 
 
 
44 
 
R S
O
NTs
Ar
R1Zn or R1ZnX
CuI (10 mol%)
THF
S
O
NTs
Ar
R
R1
XZn
EX
S
O
NTs
Ar
R
R1
E
EX = HCl, I2, allyl BrX = Br, I
97 98 99  
Scheme 37 
 
Marek and Bolm in 2007 described an interesting method for the synthesis of 
polysubstituted vinyl sulfoximines 99 by the regio- and stereoselective copper-catalyzed 
carbozincation reaction (Scheme 37).43g  
 
1.5.1.2. Synthesis of N-substituted sulfoximines 
Numerous sulfoximines with varying properties can be obtained by changing the group on 
nitrogen.1g-k The substitutent present on the imine N-atom of a sulfoxime is important 
because it dictates the nature of the H-atom α to the sulfur atom of a sulfilimine or 
sulfoximine. Some of the important methods for obtaining N-substituted sulfoximines are 
discussed in this section.  
One of the earliest works on the synthesis of N-substituted sulfoximines, starting from NH-
sulfoximines was reported by Johnson and co-workers in 1973. (S)-Methyl-(S)-phenyl 
sulfoximine, was methylated under Eschweiler-Clark conditions, to yield N-methyl-(S)-
methyl-(S)-phenyl sulfoximine (Scheme 38).48 
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Scheme 38 
 
This is still regarded as one of the best methods for obtaining N-methyl substituted 
sulfoximines though other methods for the synthesis of N-alkyl sulfoximines are known. 
A method for the preparation of N-nitrosulfoximine was described by Winternitz in 1986. A 
number of N-nitro substituted sulfoximines were synthesized starting from the 
corresponding free NH-sulfoximines (Scheme 39).49  
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Scheme 39 
 
Fuming nitric acid along with acetic anhydride was used to obtain N-nitro sulfoximines 101 
in moderate to excellent yields. This method is suitable for optically active sulfoximines as 
well. The N-nitrosulfoximines are useful as “chiral lynchpins” or chemical chameleons for 
the synthesis of chiral ring systems.50   
In 1998 Bolm and co-workers described an interesting protocol for the direct arylation of 
NH-sulfoximines, which used a palladium catalyst and a bisphosphine ligand in the presence 
of a base whilst heating in toluene. Two years later they followed it up by publishing a 
detailed study of the reaction (Scheme 40).51, 52 
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Scheme 40 
 
Various N-arylated sulfoximines were synthesized by this method. Aryl bromides were found 
to be most suitable for the coupling reaction in the presence of a bisphosphine ligand such 
as BINAP or tol-BINAP giving moderate to excellent yields with cesium carbonate as base. 
Both, dialkyl or alkyl-aryl free NH-sulfoximines were coupled with a number of aryl bromides 
to give the corresponding N-aryl sulfoximine (Figure 11). The yield for the reaction increased 
when the aromatic group was substituted with an electron withdrawing group. Aryl iodides 
were also used for the Pd-catalyzed N-arylation cross-coupling reactions. The reaction 
required the addition of lithium or silver salts as additives to afford products in acceptable 
yields. However it was found that the effect of additives is not uniform. Aryl triflates were 
also successfully employed for the N-arylation of free NH-sulfoximines. Enantiomerically 
pure sulfoximines could also be arylated in a stereospecific manner by this method.    
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Dibromoaryls, used for the synthesis of N-aryl sulfoximines under the same reaction 
conditions showed a peculiar reaction trait. They reacted exclusively at one of the bromide 
positions (Scheme 41).    
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Harmata and co-workers extended the scope of the utilization of aryl halides by using aryl 
chlorides for the N-arylation of NH-sulfoximines. The reaction was done by microwave 
irradiation under similar conditions to those reported by Bolm (Scheme 42).53  
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O NH
Pd(OAc)2
rac-BINAP
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S
O
R2 R1R3
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Scheme 42 
 
Harmata and co-workers were able to synthesize several N-aryl or N-heteroaryl methyl 
phenyl sulfoximines under these reaction conditions. Enantiopure sulfoximines were 
synthesized using this method. Some benzothiazines were synthesized in one-pot under 
these reaction conditions. An aryl triflate was also shown to be tolerant of this method to 
provide N-aryl sulfoximine. 
In 2004 Bolm and co-workers again reported a method for the synthesis of N-aryl 
sulfoximines from NH-sulfoximines. This was the first time a copper mediated cross-coupling 
reaction for the synthesis of N-aryl sulfoximines was reported. N-Arylated sulfoximines were 
obtained in high yields by employing a copper salt in presence of a base (Scheme 43).44f 
 
R3
X
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CH3
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CuI 
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N
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O
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X = Br, I
 
Scheme 43 
1. Introduction 
 
 
49 
 
A ligand-free copper (I) iodide mediated N-arylation of NH-sulfoximines provided the 
corresponding N-aryl sulfoximines in moderate to excellent yields. NH-benzyl phenyl and 
NH-4-bromophenyl methyl sulfoximines were arylated by this method. As compared to Pd-
catalyzed arylation, aryl iodides could also be used for these cross-coupling reactions. Some 
of the sulfoximines that were not arylated, or gave only low yields using Pd-catalyst 
underwent arylation reaction with this copper-catalyzed protocol, proving the superiorty of 
this method over the Pd-catalyzed one (Figure 12). 
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Figure 12 
 
An interesting work for the synthesis of N-vinyl sulfoximines was reported by Bolm in 2004. 
This method utilized a Pd-catalyzed intermolecular coupling between an NH-sulfoximine and 
a vinyl bromide to achieve the hitherto unknown N-vinyl sulfoximines (Scheme 44).44g 
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Scheme 44 
 
A number of NH-sulfoximines along with various vinyl bromides were tested. In all cases 
yields greater than 98% were achieved. Vinyl triflates were also shown to be effective in this 
reaction. Hydrogenation of the vinyl bond to give N-alkyl sulfoximines was demonstrated. 
This reaction method opened up a new avenue for the synthesis of N-alkyl sulfoximines. 
In 2005, Moessner and Bolm described a method for the synthesis of N-aryl sulfoximines 
using a copper catalyst along with aryl boronic acid.44h This cross coupling reaction was 
shown to proceed under mild conditions in the presence of a copper salt at room 
temperature without the addition of an external base (Scheme 45). 
 
S
R1 R2
O NH Cu(OAc)2
MeOH, rt
6
R3+
B(OH)2
R3
N
S
O
R2 R1
103: 62-93%122  
Scheme 45 
 
Copper (II) acetate was used as a catalyst for this reaction. A number of aryl boronic acids 
were tested for this reaction providing N-aryl sulfoximines in moderate to excellent yields. 
NH-4-Bromophenyl sulfoximine and the sterically hindered NH-cyclopentyl phenyl 
sulfoximine were also sucessfully arylated using this method (Scheme 46).  
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Scheme 46 
      
A copper (I) catalyzed N-arylation of NH-sulfoximine was reported by Sedelmeier and Bolm, 
which could utilize either aryl bromides or iodides. Improved yields using CuI and the 
synthesis of a number of N-hetero-aryl phenyl methyl sulfoximine were described.44i An 
excellent work by Bolm and Miura published in 2010 offers a copper (II) catalyzed direct 
dehydrogenative C-N coupling of azoles or polyfluoroarenes with NH-sulfoximines at room 
temperature and under air to provide N-heteroaryl or N-polyfluoroaryl sulfoximine in good 
to excellent yields.44j   
An interesting paper describing the method for the synthesis of N-(1H)-tetrazole 
sulfoximines by Mancheño and Bolm was published in 2007. A [3+2] cycloaddition reaction 
of an N-cyano sulfoximine and sodium azide (NaN3) in the presence of ZnBr2 as catalyst and 
MeOH-water as a solvent, provided the corresponding N-(1H)-tetrazole sulfoximine 127 by 
heating the mixture at reflux temperature (120 °C) in a sealed tube (Scheme 47).44k 
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R1 R2
O N NH
N
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29 127: 65-87%  
Scheme 47 
 
N-cyano sulfoximines could be obtained either by the reaction of a bromonitrile with a free 
NH-sulfoximine25c or directly by an imination-oxidation sequence of sulfides in presence of 
cyanogenamide and iodobenzene diacetate. Several different N-(1H)-tetrazole sulfoximines 
were synthesized in moderate to excellent yields. The reaction was proven to be 
stereospecific providing an optically active N-(1H)-tetrazole sulfoximine starting from 
enantiopure N-cyano sulfoximine.  
 
1.5.1.3. Heterocyclic sulfoximines 
The study of synthesis of heterocyclic sulfoximines is important because although they have 
been widely used as ligands in asymmetric catalysis,5 they still remain largely nascent in 
their methods of preparation. In an excellent review on sulfoximines, Reggelin has 
mentioned that heterocyclic sulfoximines can usually be divided into three different systems 
(Figure 13).1g 
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Some examples of each of these types of heterocyclic sulfoximines are shown below (Figure 
14). 
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Figure 14 
 
Most of the Type I sulfoximine heterocycles can be synthesized in a relatively 
straightforward manner, by the oxidative imination of the corresponding sulfides or 
sulfoxides by one of the methods discussed earlier. In 1968, Johnson and co-workers 
reported the synthesis of heterocyclic sulfilimines and sulfoximines in an attempt to 
demonstrate the synthesis of N-alkyl sulfilimines and sulfoximines.54 Lambert and co-
workers in 1972 reported the synthesis of NH-heterocyclic sulfoximine 128. A fairly 
straightforward method involving the imination of tetrahydrothiopyran followed by 
oxidation of the sulfilimine provided the NH-tetrahydrothiopyran sulfoximine (Scheme 48).55 
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S
Na/MeOH
NH2-O-SO3H S
NH
KMnO4
H2O S
O NH
136 137 128
 
Scheme 48 
 
Tetrahydropyran (136) was iminated by using sodium methoxide and hydroxylamine-O-
sulfonic (HOSA) acid to provide the NH-tertahydrothiopyran sulfilimine (137). Oxidation with 
potassium permanganate provided the sulfoximine 128. 
The synthesis of enantiomerically pure heterocyclic sulfoximines like 130 was reported by 
Cram and co-workers in 1972. Imination of racemic 2,3-dihydrobenzo[b]thiophene-1-oxide 
(138) with hydrazoic acid followed by resolution with CSA led to the formation of an 
enantiopure 130 (Scheme 49).56 
 
S
O
1. HNO2
or NO+PF6
2. CSA S
O NH
138 130  
Scheme 49 
 
Heterocyclic sulfoximines of the type 131 were first reported by Stoss and Satzinger in 
1974.57 Three previously known methods for the imination of sulfides or sulfoxides were 
employed for their synthesis (Scheme 50).   
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Scheme 50 
 
The tricyclic heterocyclic sulfoximines were synthesized by starting with either a tricyclic 
sulfoxide 139 or sulfide 140, respectively. Sulfoxides 139 were iminated using either a 
combination of tosyl azide in the presence of copper metal followed by hydrolysis with 
H2SO4 or with MSH to provide the tricyclic heterocyclic sulfoximine 131. Imination of 140 
using MSH provided 141, which on oxidation led to the formation of 131. Both methods 
provided the products in moderate to good yields. 
Synthesis of Type II heterocyclic sulfoximine was first reported by Johnson in 1971 wherein 
the heterocyclic sulfoximine 132 was formed as a side product during the synthesis of spiro 
compounds (Scheme 51).58         
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Starting from the oxidation of phenyl-3-chloropropyl sulfide 142, imination with hydrazoic 
acid formed a free NH-sulfoximine 144 which was subsequently transformed to the 
heterocyclic sulfoximine 132. Much later in 1998, Boßhammer and Gais reported the 
synthesis of enantiopure five and six membered heterocyclic sulfoximines similar to 132 
(Scheme 52).59      
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Scheme 52 
 
Enantiopure 11 was obtained by resolution of the racemate. The N-alkylhydroxy 
sulfoximines 145 and 146 were formed by alkylation reaction on NH. Subsequent treatment 
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with potassium tert-butoxide and butyllithium led to the formation of enantiopure Type II 
heterocyclic sulfoximines 132 or 147 in moderate yields. 
The first synthesis of a bicyclic sulfoximine heterocycle was reported by Stoß and Stazinger 
in 1971.60 Starting with methyl esters of 2-sulfoxide benzoic acid 148 and utilizing a simple 
imination procedure (hydrazoic acid) a number of hetero bicyclic sulfoximines of the type 
150 were synthesized (Scheme 53). 
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The synthesis of hetero bicyclic sulfoximines with different ring sizes (five or six membered) 
and various aryl groups has been demonstrated. A large number of derivatives have been 
prepared this way starting from suitably substituted aromatic sulfoximines.61  
Several Type II bicyclic sulfoximine heterocycles of the type 133 and 134 have been 
synthesized by Harmata and co-workers.  One of the earliest Lewis acid mediated synthesis 
of such benzothiazines was reported in 1987 in which a N-phenylsulfoximidoyl chloride 151 
was treated with aluminium chloride in presence of an alkyne to yield benzothiazine 133 
(Scheme 54).62    
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The synthesis of a number of such hetero bicyclic sulfoximines with various alkynes such as 
4-octyne, 1-hexyne, phenyl acetylene, etc. was demonstrated. A few years later Harmata 
reported a regioselective and stereoselective process for the synthesis of such heterocyclic 
sulfoximines using alkenes, and a mechanism involving a concerted cycloaddition reaction 
between an iminosulfonium species and the alkene was proposed.63a        
Pd(OAc)2 catalyzed NH-arylation of sulfoximines, reported by Bolm in 1998
51 paved the way 
for the synthesis of enantiomerically pure benzothiazines. A direct one pot synthesis of 
benzothiazines of Type II starting from NH-sulfoximines was reported by Harmata and co-
workers in 1999 utilizing Bolm’s procedure (Scheme 55).5h, 64  
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Various substitutions such as −NO2, −OMe, etc., at the para position of 154 were also 
tolerated. The synthesis of bisbenzothiazines 159 and 160 was also demonstrated starting 
from dibromides (Scheme 56).    
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A microwave-assisted synthesis of benzothiazines was also reported by Harmata et al. who 
used aryl chlorides under similar conditions (Scheme 57).65 
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Scheme 57 
 
Various aryl chlorides 161 were subjected to microwave irradiation in the presence of NH-
methyl phenyl sulfoximine 11 and a Pd-catalyst with BINAP as ligand. Two cycles of 1.5 
1. Introduction 
 
 
60 
 
hours each at 135 °C and 200 W were required with the addition of new catalyst and ligand 
before the start of the new cycle. An aryl triflate was also subjected to similar conditions 
giving the product in excellent yield.  
A palladium-catalyzed reaction between dibromo arenes and aryl alkyl sulfoximines to 
synthesize six-to-eight-membered heterocycles was reported by Bolm et al. in 2002.66 An 
improvement in their previous method for the double N-arylation of NH-sulfoximines on 
dibromoarenes using [Pd2(dba)3] instead of Pd(OAc)2 made this reaction possible.
67 Six-to-
eight-membered sulfoximine heterocycles were synthesized by means of an intermolecular 
cross-coupling between dibromo arenes and sulfoximines followed by an intramolecular 
ring closure (Scheme 58). 
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Scheme 58 
 
Excellent yields were obtained for the heterocyclic sulfoximine 164 and 165 (99% and 80% 
yields, respectively). Enantiomerically pure heterocyclic sulfoximines were also synthesized. 
Other heterocyclic sulfoximines 166 and 167 could be synthesized from the corresponding 
dibromoarenes using this method (Figure 15). 
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Heterocyclic sulfoximines of Type III are rare and do not find much precedence in literature. 
In 1977, Tamura and co-workers reported the synthesis of an unusual heterocyclic 
sulfoximine 135 with another heterocyclic sulfoximine 129 (Type I) and an enol ether 168 as 
byproducts (Scheme 59).68 
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In 1987 Ried et al. published a report wherein they utilized a N-cyanimino sulfoximine 172 
for the synthesis of a Type III sulfoximine 173 (Scheme 60).69   
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This method involves the synthesis of the N-cyanimino sulfoximine 172 from N-
cyanoimidates 170 with NH-sulfoximines 171. Compounds of the type 172 cyclize on 
treatment with sodium hydride to give the corresponding Type III heterocyclic sulfoximine 
173, in mostly moderate yields. 
 
1.6. Use of Sulfoximines in Medicinal Chemistry 
Sulfoximines play an important role in medicinal chemistry as mentioned earlier in this 
section. The earliest known sulfoximines methionine sulfoximine (1) and buthionine 
sulfoximine have wide applicability in medicinal chemistry. Methionine sulfoximine 1 is 
necessary for the inhibition of glutathione synthetase.3c, 70 Buthionine sulfoximine 174 
(Figure 16) is also an inhibitor of glutathione synthetase that shows high activity against 
melanoma cytotoxicity.71 It has also been shown to inhibit intestinal alk. phosphatase 
activity.72 
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Pteroyl-S-alkylhomocysteine sulfoximines 175 which are folic acid analogues of sulfoximines 
(Figure 17) show similar substrate activity as folic acid for dihydrofolate reductase.73   
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Besides these examples there are several other sulfoximines that have importance either as 
antiviral agent 176,74 radiation-induced drugs (RID) in cancer therapy 177,75 anti-tumour 
drugs 17876 or as a central nervous system (CNS) depressant agent 17977 (Figure 18).1g   
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Pseudopeptides with sulfoximine backbone have been developed by Bolm and co-workers. 
Starting with an enantiomerically pure N-Boc protected methyl phenyl sulfoximine 180, an 
interesting sequence of reactions led to a number of enantiomerically pure tri-peptides 181 
(Scheme 61). 6c   
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Besides these applications, sulfoximines are present in a number of different biologically 
relevant compounds that are useful for several purposes like agricultural chemistry.  
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2. Results and Discussion 
2.1. Metal-free synthesis of N-cyano sulfilimines and sulfoximines 
Several methods for the preparation of sulfilimines and sulfoximines are known today. Some 
metal-catalyzed, some metal-free and others that make use of easily obtainable 
sulfoximines with existing metal-catalyzed or metal free methods for the synthesis of more 
complex sulfoximines. This is evident from the discussions presented in the earlier sections. 
Some of the biggest contributors in this field are Johnson, Gais, Harmata and Bolm. Their 
methods for sulfoximine synthesis have found wide acceptability in the community. 
However, there are very few methods that provide direct access to NH-sulfoximines. Most 
of these methods utilize explosive or harmful chemicals. Thus more effort is needed to find 
a method that provides a safe and synthetically convenient route for direct or easy access to 
NH-sulfoximines in large quantities.  
N-Cyano sulfilimines and sulfoximines are attractive candidates not only for their 
agrochemical properties but also for the fact that the −CN group can be converted into 
other functional groups leading to various other N-protected sulfoximines. They can also be 
deprotected to yield NH-sulfoximines which have great synthetic value. The utility of various 
N-cyano sulfoximines is highlighted by their augmenting role in agrochemicals as 
insecticides and pesticides. A prominent example of a commercially useful N-cyano 
sulfoximine is the sap-feeding insecticide “Sulfoxaflor” which is scheduled to be launched 
soon by Dow AgroSciences.16 N-Cyano sulfilimines are interesting intermediates owing to 
the fact that they can be easily converted to the corresponding N-cyano sulfoximine by 
simple oxidation procedures. 
 The synthesis of N-cyano sulfilimine was first demonstrated by Swern et al. in 1972 in which 
a tetracovalent sulfur intermediate was subjected to imination with a sodium salt of 
cyanogen amide, the tetracovalent sulfur intermediate being formed by reaction of a sulfide 
with tert-butyl hypochlorite (Scheme 62, A).25b Barely a few months later Stoss and 
Satzinger developed a method for the synthesis of N-cyano di-phenyl sulfoximine from N-(2-
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diethylamino ethyl)-diphenyl sulfoximine (Scheme 62, B).25c Utilizing a combination of 
iodobenzene diacetate and cyanogen amide for the imination of dimethyl sulfide, dimethyl 
sulfoxide and penicillin, Kemp and co-workers in 1979 demonstrated a more general 
method for the N-cyano imination at the sulfur center (Scheme 62, C).25d   
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Scheme 62 
 
As can be seen from Scheme 62, method A has only limited applicability and requires low 
reaction temperatures for the formation of the tetracovalent sulfur imtermediate 182 and 
yields at best are moderate after two steps. Stoss and Satzinger’s method (Scheme 62, B) 
was the first example of the synthesis of N-cyano sulfoximine. In their report the authors 
also demonstrated a convenient route to NH-sulfoximines by refluxing N-cyano sulfoximines 
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with diluted acid. This method though seemingly simple requires the use of an N-substituted 
sulfoximine as starting material which is not easily accessible. Method C utilizes a 
hypervalent iodine reagent which is not very convenient to use and provides fair to 
moderate yields.  
Although all of these methods provide access to N-cyano sulfilimine or N-cyano sulfoximine 
none of these procedures are convenient and of general applicability.  
 
2.1.1. Research objective          
A few methods for the synthesis of versatile N-cyano sulfilimines and sulfoximines are 
known. Moreover, none of these known methods offer a practical and synthetically viable 
access to them. A slightly modified method utilizing Kemp conditions offers a practical 
solution44j but utilizes a hypervalent iodine reagent for their synthesis. A simple yet highly 
efficient metal-free method for the synthesis of N-cyano sulfilimines and access to the 
corresponding sulfoximines by subsequent oxidation was reported by Mancheño et al..25a 
This method avoids the use of hypervalent halogens and makes use of non-explosive, mild, 
stable and easy to handle reagents. N-Cyano sulfoximines were easily deprotected to avail 
synthetically relevant NH-sulfoximines via N-trifluoroacetyl sulfoximines.  
The aim of this work is to demonstrate the applicability of this metal-free synthesis for the 
preparation of multi-gram quantities of N-cyano sulfilimines and N-cyano sulfoximines and 
their subsequent deprotection allowing easy access to free NH-sulfoximines in larger 
quantities.     
 
2.1.2. Synthesis of N-cyano sulfilimines78 
The imination of sulfides 3 was accomplished in the same manner as reported by Mancheño 
et al. utilizing N-bromosuccinimide (NBS)25a in the presence of cyanogen amide (H2NCN) and 
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potassium tert-butoxide (t-BuOK) as a base. The reaction proceeded well in methanol at 
room temperature, providing N-cyano sulfilimines 28 in yields ranging from 59% to 95% 
(Table 1).     
 
Table 1: Imination of sulfides  
 
S
R1 R2
3
NH2CN, t-BuOK
MeOH, rt, 1.5-2 h
S
R1 R2
N
CN
28  
Entry 
Scale 
(mmol) 
R1 R2 Sulfide Product 
Yield of 28 
(%) 
1 24 Ph Me 3a 28a 93 
2a 24 Ph Me 3a 28a 54 
3 7 Bn Me 3b 28b 80 
4a 21 Bn Me 3b 28b 42 
5 16 Ph Ph 3c 28c 95 
6 10 −C(CH3)3 Me 3d 28d 59 
7 6 4-O2NC6H4 Me 3e 28e 75 
8 6 4-OMeC6H4 Me 3f 28f 89 
a
 I2 and t-BuONa was used instead of NBS and t-BuOK. 
 
Methyl phenyl sulfide (3a) and benzyl methyl sulfide (3b) upon imination with cyanogen 
amide and NBS in presence of potassium tert-butoxide provided the corresponding N-cyano 
sulfilimines 28a in 93% yield and 28b in 80% yield, respectively (Table 1, entries 1 and 3). On 
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the other hand, utilizing I2 and sodium tert-butoxide on the same substrate provided the 
corresponding N-cyano sulfilimine in poor yields, 54% and 42%, respectively (Table 1, entries 
2 and 4). The yields of 28a and 28b for the reaction with NBS and potassium tert-butoxide 
butoxide under similar conditions is consistent with the values reported earlier (83% and 
91%, respectively).25a tert-Butyl methyl sulfide (3d) under similar conditions gave a lower 
yield of 28d, 59% as compared to 83% previously reported (entry 6). Diphenyl sulfide (3c) 
provided 28c in comparable yield (95% as compared to the previously reported yield of 99%, 
entry 5), methyl 4-nitrophenyl sulfide (3e) and methyl 4-methoxyphenyl sulfide (3f) 
provided 28e and 28f in slightly lower yields (75% and 89% as compared to 92% and 95%, 
respectively, entries 7 and 8).  
 Efforts to iminate the sulfur moiety of (±)-methionine 187 or its methyl ester derivative 188 
using this method, unfortunately remained fruitless. The expected product 189 was not 
observed (Scheme 63). 
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Scheme 63 
 
Variations to the method such as using higher quantities of base (3 equiv.), cyanogen amide 
(3 equiv.) or NBS (3 equiv.), refluxing the reaction mixture or changing solvents to 
dichloromethane or acetonitrile did not alter the outcome of the reaction either.  
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2.1.3. Oxidation of N-cyano sulfilimines 
Oxidations of N-cyano sulfilimines 28 with m-chloroperoxybenzoic acid (m-CPBA) were 
performed next. The oxidation reaction was carried out with the addition of m-CPBA and 
K2CO3 at 0 °C in ethanol as solvent and allowing the mixture to stir at room temperature for 
1.5-2 hours. The results of the oxidations of sulfilimines to N-cyano sulfoximines 29 are 
summarized Table 2.     
 
Table 2: Oxidation of N-cyano sulfilimines 
S
R1 R2
28
m-CPBA, K2CO3
EtOH, rt, 1.5-2 h
S
R1 R2
29
N
CN
O N
CN
 
Entry 
Scale 
(mmol) 
R1 R2 
Sulfilimine 
28 
Product 
Yield of 29 
(%) 
1 22 Ph Me 28a 29a 76 
2 6 Bn Me 28b 29b 60 
3 15 Ph Ph 28c 29c 86 
4 4 −C(CH3)3 Me 28d 29d 52 
5 4 4-O2NC6H4 Me 28e 29e 96 
6 6 4-OMeC6H4 Me 28f 29f 77 
 
A comparison of the results obtained on the scale-up oxidations of N-cyano sulfilimines 
indicates that there is no major difference to the yields obtained previously.25a N-Cyano 
methyl phenyl sulfilimine (28a) and N-cyano diphenyl sulfilimine (28c) on oxidation with 3-
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chloroperoxybenzoic acid provided N-cyano methyl phenyl sulfoximine (29a) and N-cyano 
di-phenyl sulfoximine (29c) in 76% and 86% yield, respectively (Table 2, entries 1 and 3) as 
compared to the earlier yields of 86% and 99%, respectively. This drop in yield could be 
attributed to the unstable nature of N-cyano sulfilimines. N-Cyano benzyl methyl sulfilimine 
(28b) and N-cyano methyl 4-methoxy sulfilimine (28f) provided N-cyano benzyl methyl 
sulfoximine (29b) (60% yield) and N-cyano methyl 4-methoxy sulfoximine (29f) (78% yield) 
(Table 2, entries 2 and 6) which is comparable to the earlier reported yields (62% and 78% 
yield, respectively). Surprisingly N-cyano methyl 4-nitrophenyl sulfilimine (28e) on oxidation 
provided a much higher yield of N-cyano methyl 4-nitrophenyl sulfoximine (29e)than 
previously reported (96% as compared to 63% yield reported, Table 2, entry 5).         
Oxidations of N-cyano sulfilimines 28 with KMnO4
79 was also briefly explored but provided 
much lower yields of N-cyano sulfoximines 29. 
 
2.1.4. Deprotection of N-cyano sulfoximines 
Synthetically relevant free NH-sulfoximines can be easily obtained from the corresponding 
N-cyano sulfoximines 29 by treatment with diluted sulfuric acid25c or by treatment with 
trifluoroacetic anhydride (TFAA), followed by addition of K2CO3,
37 the latter being a two-step 
process. This reaction was demonstrated on a gram scale for N-cyano methyl phenyl 
sulfoximine 29a (Scheme 64).   
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Scheme 64 
 
Refluxing 29a with 50% aq. sulfuric acid provided the free NH-sulfoximine 11 in 64% yields. 
Similarly, treating 29a with TFAA followed by addition of K2CO3 helped in the formation of 
11 in 63% overall yield. The previously reported yield of 11 by the two-step process was 
72%. It should be noted here that the latter two-step process proceeds via synthetically 
interesting N-trifluoroacetyl methyl phenyl sulfoximine (190) which can also be easily 
isolated.   
 
2.2 In search of an alternative nitrogen source for imination at sulfur atom of 
a sulfide/sulfoxide 
Vidal and Collet described a method for the synthesis of N-protected methyl phenyl 
sulfilimine with an oxaziridine80 which was improved by Armstrong in terms of substrate 
scope and reactivity.81 Both these methods showed the potential for imination of sulfides 
using oxaziridines as a nitrogen source (Scheme 65). 
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Scheme 65 
 
Vidal and Collet’s procedure is not very efficient and delivers a very low yield of N-Moc 
methyl phenyl sulfilimine (192) along with the formation of methyl phenyl sulfoxide and 
benzaldehyde (combined yield of N-Moc sulfilimine and benzaldehyde was reported as 34% 
as a 1:1 mixture). Utilizing a different oxaziridine 193 Armstrong developed a method for 
the synthesis of N-Boc sulfilimine 30 that was more efficient (49-97% yields) and 
demonstrated its applicability to other sulfides as well.81 
Hydroxylamine-O-sulfonic acid (HOSA) has been demonstrated as a very versatile synthetic 
reagent for amination reactions, nitrile and oxime formations and preparation of amides 
and diazo compounds.82 It has also been used for the synthesis of primary sulfoamides83 and 
for imination reactions of sulfides by Appel and Büchner (Scheme 66)84 and was later 
utilized by Lambert.85 
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Scheme 66 
 
The results obtained by Vidal and Collet and Armstrong for the imination of sulfides using 
oxaziridines and previous examples using HOSA for the same were the inspiration behind 
using these compounds as reagents for the imination of sulfoxides.  
 
2.2.1 Research objective 
The metal-catalyzed and metal-free iminations of sulfides or sulfoxides both present an 
attractive means for the synthesis of sulfilimines/sulfoximines. The former method provides 
a wider scope since a variety of sulfoximines bearing different functionalities on the 
nitrogen group can be synthesized directly (see section 1.4). On the other hand metal-free 
imination reactions of sulfides or sulfoxides are attractive because of the absence of 
potentially toxic and/or expensive metal catalysts. A new source of nitrogen that could 
extend the scope of reactions available for the imination of sulfides or sulfoxides utilizing 
oxaziridines or HOSA for the process was envisioned. 
 
2.2.2. Attempts at using different nitrogen sources as iminating agents 
Inspired by Armstrong’s utilization of an oxaziridine for the imination of sulfides,81 a test to 
see whether oxaziridine 193 could be used for iminating sulfoxides was performed. In this 
context a methyl phenyl sulfoxide (195) as a test substrate was used under similar 
conditions (Scheme 66). 
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Unfortunately 195 could not be iminated with this method even after extended reaction 
times. No product was obtained and the starting material could be recovered quantitatively.   
An iminophosphorane used for the synthesis of the oxaziridine 193, an N-Boc derivative of 
triphenyl phosphine 197, was tried.87 In a continuing effort to find a new nitrogen transfer 
agent for the imination of sulfides or sulfoxides, the possibility of using this reagent for 
imination of 195 was explored. 
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Scheme 67 
 
Several different catalysts and different reaction conditions were tried; unfortunately no 
positive results were obtained. The catalysts used and the reaction conditions are 
summarized in Table 3. 
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Table 3: Attempts at imination of sulfoxides using iminophosphorane 
Entry Catalyst Conditions Result 
1 − reflux, 16 h  No yield of 196 
2 − AcOH, rt, 16 h No yield of 196 
3 − AcOH, reflux, 16 h No yield of 196 
4 [Rh(OAc)2] (10 mol%) rt, overnight No yield of 196 
5 Cu(OTf)2 (10 mol%) rt, overnight No yield of 196 
6a AgNO3+ t-Bu3tpy (5 mol%) rt, overnight No yield of 196 
7a Fe(acac)3 (5 mol%) rt, overnight No yield of 196 
a 10 mol% catalyst loading was also tested 
 
A blank reaction without any catalyst and an acid promoted reaction were tried first (Table 
3, entries 1-3). Extended refluxing had no effect on the outcome of the reaction as neither 
did the acid promoted reaction at room temperature or at reflux. Previously known metal-
catalysts that catalyze imination reactions of sulfoxides were also tried (entries 4-7) under 
the same conditions and also extended reaction times, which did not provide any 
sulfoximine. tri-n-Phenylphosphine-Boc-azide and tri-n-butylphosphine-Boc-azide were 
tested under similar conditions without any positive outcome.  
An iodide salt of N-amino-N-methylmorpholine 198 that was used for aziridination reagent 
for chalcones, by Armstrong and co-workers86 also did not privide any desired product on 
the test substrate 195 (Scheme 67).  
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Hydroxylamine-O-sulfonic acid (HOSA) as a synthetic reagent has tremendous value because 
of the ability of the nitrogen center to act both as a nucleophile as well as an electrophile 
depending on the conditions and thus displays great versatility.82, 88 In 1962 Appel and 
Büchner first showed that it was possible to iminate sulfides using HOSA.82 A decade later 
Lambert and co-workers used this method for the synthesis of a sulfoximine heterocycle.55 
Not many examples of such type are present in literature and only alkyl sulfides have been 
iminated using this versatile reagent. Hence the use of this reagent for imination at the 
sulfur center appeared attractive. 
A blank reaction wherein sulfoxide 195 was reacted with HOSA in presence of methanol as 
solvent was tried. No product was observed. Addition of a base under similar reaction 
conditions was tested next, to see whether it altered the outcome of the reaction but 
unfortunately sulfoximine 10 was not obtained (Scheme 68).  
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Scheme 68 
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Appel and Büchner’s method of sulfide imination with HOSA82 was tried on the test 
substrate 195. Sodium was dissolved in dry MeOH to form a NaOMe solution and a solution 
of methyl phenyl sulfoxide (195) in methanol was added. This mixture was poured very 
slowly into a solution of HOSA in MeOH all the while taking care that the reaction 
temperature did not rise above 18-20 °C. The reaction mixture was then allowed to stir at 
room temperature for 6 hours. 
 
S
CH3
O
NaOMe
H2N-O-SO3H
MeOH
S
CH3
O NH
195 10  
Scheme 69 
 
This procedure also failed to deliver the desired product 10. The reaction conditions were 
modified to further test the imination reaction of 195 with HOSA. 
Based on the study conducted by Minisci, that hydroxylamine-O-sulfonic acid decomposed 
in the presence of an iron salt to provide an cationic amine radical,89, 90 FeCl2 in combination 
with HOSA was used on the test substrate 195 (Scheme 70). 
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The reaction was conducted with methyl phenyl sulfoxide (195), HOSA and FeCl2 (1 eq.) in 
dichloromethane (CH2Cl2). HOSA did not dissolve in CH2Cl2 and no product was obtained 
either even after stirring vigorously for a long duration. Changing the solvent to MeOH to 
dissolve HOSA and repeating the experiment under the same conditions did not offer any 
yield of 10. Increasing the amount of FeCl2 (3 eq.) did not alter the reaction outcome either. 
Unfortunately, efforts towards finding a new source of nitrogen for the imination reaction of 
a sulfide or sulfoxide did not bear any fruits. 
 
2.3. Attempted C-C coupling reactions of sulfoximines 
One of the methods for the synthesis of sulfoximines is to start from a simple or a “key 
sulfoximine” which can be easily obtained by any of the metal-catalyzed or metal-free 
methods of sulfide/sulfoxide imination. Coupling reactions provide a very interesting means 
of achieving this purpose. There are several examples in the literature that make use of such 
easily available sulfoximines or “key sufoximines” to undergo C-N cross coupling reactions 
providing a wide array of N-aryl sulfoximines or heterocyclic sulfoximines91 but very few 
examples of C-C coupling reactions are available in literature.92 A very nice example 
displaying an intramolecular C-C coupling involving a sulfoximine is the Pd-catalyzed α-
arylation of sulfoximine methyl group of a N-(2-bromobenzyl) and N-(2-bromobenzoyl) 
sulfoximine to form six-membered heterocyclic sulfoximines (Scheme 71).93 
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2.3.1. Research objective 
Several studies on C-C ortho-arylation coupling reactions have been carried out to date94 
and is slowly becoming a popular topic of research in the community.95 No references 
relating to intermolecular C-C ortho-arylation reactions involving sulfoximines were found 
although there is precedence for intermolecular C-C cross coupling reactions and C-C 
intramolecular coupling reactions and C-N coupling reactions involving sulfoximines, as 
discussed in the previous sections. A convinient and versatile procedure to enable access to 
biaryl sulfoximines or more complex sulfoximines that are difficult to synthesize using 
conventional ways was envisioned.  
 
2.3.2. Attempts at aryl cross coupling reactions with N-substituted methyl 
phenyl sulfoximines 
Palladium catalyzed CH-activations find great precedence in literature96 hence trials with 
palladium catalysts for the intermolecular C-C ortho-arylation reactions of sulfoximines were 
conducted. A method describing the use of Pd(OAc)2 as a catalyst along with AgOAc for the 
intermolecular C-C coupling reaction of a pyridine derivative with aryl iodides, described by 
Shabashov and Daugulis (Scheme 72)97 was used.  
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The nitrogen atom of the N-substituted sulfoximine was thought to act as a directing group 
for the intermolecular C-C ortho-arylation coupling reaction. Three different substrates were 
chosen for this purpose: N-phenyl methyl phenyl sulfoximine (204), N-methyl methyl phenyl 
sulfoximine (68) and N-(1H-tetrazole) methyl phenyl sulfoximine (205).    
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Sulfoximines 68 and 204 along with aryl iodide 206 were dissolved in tert-butyl alcohol along 
with a catalytic amount of Pd(OAc)2 (10 mol%) and stoichiometric amount of AgOAc in a 
sealed tube and refluxed at 130 °C  for 2 days. None of the expected products 207 and/or 
208 (or 209, in case of 204) were observed. Using acetic acid or DMF as the solvent under 
the same conditions did not change the outcome of the reaction either (Table 4, entries 1, 2 
and 3). Allyl bromide was also tested instead of aryl iodide 206 under similar reaction 
conditions to no avail. 
 
Table 4: Attempts at utilizing Pd(OAc)2 for coupling reactions 
Entry Substrate Conditions Result 
1 68, 204 Pd(OAc)2, AgOAc, t-BuOH, 130 °C − 
2 68, 204 Pd(OAc)2, AgOAc, AcOH, 130 °C − 
3 68, 204, 205 Pd(OAc)2, AgOAc, DMF, 130 °C − 
4 204, 205 Pd(OAc)2, AgOAc, TFAA, 130 °C − 
5 204 Pd(OAc)2, CuOAc, TFAA, 130 °C − 
6 68 Pd(OAc)2, P(n-Bu)3, Toluene, 130 °C − 
7 204 Pd(OAc)2, Cu(OAc)2, Toluene, 120 °C − 
8 204, 205 Pd(OAc)2, Cu(OAc)2, TFAA, 120 °C  − 
9 68, 204 Pd(OAc)2, Cu(OAc)2, DMSO, 80 °C − 
10 68, 204 Pd(OAc)2, Cu(OAc)2, DMSO, 120 °C − 
11 204 Pd(OAc)2, Ag(OAc)2, NMP, 130 °C − 
12 204 Pd(OAc)2, K2CO3, Pivalic acid, 130 °C − 
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13 204 Pd(OAc)2, rac-BINAP, K2CO3, Toluene, 130 °C − 
14 68 Pd(OAc)2, K2CO3, Toluene, 130 °C − 
15 68, 204 Pd(OAc)2, K2S2O8, TFAA, 130 °C − 
16 204 Pd(OAc)2, PhI(OAc)2, TFAA, 80 °C − 
17 68, 204 Pd(OAc)2, PhI(OAc)2, TFAA, 130 °C − 
18 68, 204 Pd(OAc)2, benzoquinone, TFAA, 140 °C − 
  
Alternative solvent and/or oxidants/additives were used. Changing the solvent to TFAA for 
sulfoximines 204 and 205 (Table 4, entry 4), the solvent (TFAA) and co-oxidant for 
sulfoximines 68 and 204 to PhI(OAc)2 and benzoquinone, the co-oxidant CuOAc for 204 or 
P(n-Bu)3 for 68 (Table 4, entries 5, 6 and 16-18) all the while heating at 80 °C or 140 °C for up 
to 2 days in a sealed tube did not provide any of the desired products.  
Following a procedure by Buchwald and co-workers wherein Pd(OAc)2 was used as a catalyst 
for the synthesis of substituted carbazoles,98 the same method was applied for sulfoximine 
204. Catalytic Pd(OAC)2 and a stoichiometric amount of Cu(OAc)2 in toluene were heated at 
120 °C for 2 days. The solvent was also varied for sulfoximines 68, 204 and 205 to TFAA and 
DMSO under similar reaction conditions but the desired products still remained elusive 
(Table 4, entries 7-10). 
Conditions developed by Bolm for α-arylation of an N-benzyl or N-benzoyl sulfoximine93 
were applied to the test substrate 204. Pd(OAc)2 along with rac-BINAP as ligand and K2CO3 
as a base in toluene were refluxed at 130 °C  (Table 4, entry 13). The reaction conditions 
were also modified whereby no ligand was used or pivalic acid was used as solvent under 
similar reaction conditions (Table 4, entries 12, 14) but none of the desired products could 
be obtained this way.      
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Conditions similar to those used by Yu and Che for a Pd(OAc)2 catalyzed cascade CH-
activation,99 were applied to next. K2S2O8 in TFAA as solvent with Pd-catalyst was refluxed at 
130 °C along with sulfoximines 68 or 204, again for 2 days but without fruition (Table 4, 
entry 15).    
Different metal catalysts were tested in efforts to find suitable catalyst for the success of 
this reaction. An interesting ruthenium complex employed by Oi and Inoue for the ortho-
arylation of 2-arylpyridines with aryl halides to obtain mono or di-aryl substitutions on the 
aryl group100 was tried next. 
Sulfoximine 204, in a sealed tube along with [RuCl2(η
6-C6H6)]2 as a catalyst, PPh3, K2CO3 and 
iodobenzene in NMP were heated at 120 °C in a sealed tube for 20 hours. Also, this method 
did not yield any product either (Table 5, entry 1).  
Continuing with efforts in this direction, other metal catalysts with varying conditions were 
tried. A summary of these methods are as shown in Table 5 below. 
 
Table 5: Attempted coupling reactions of sulfoximine and iodobenzene  
Entry Substrate Conditionsa Resultb 
1 204 [RuCl2(η
6-C6H6)]2, PPh3, K2CO3, NMP, 130 °C − 
2 204 Ru3(CO)12, toluene, 130 °C − 
3 204 Pd2(dba)3, rac-BINAP, toluene, 130 °C − 
4 68, 204 [Ir(cod)Cl]2, TFAA, 90 °C − 
5 204 FeCl3, DMEDA, K3PO4, toluene, 130 °C − 
6 204 CuI, DMEDA, K2CO3, toluene, 130 °C − 
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7 68 CuI, DMEDA, K2CO3, toluene, 130 °C traces of 207  
8 68, 204 CuI, proline, K2CO3, toluene, 130 °C traces of 207 
a 10 mol % of metal catalyst was used b Determined by GC-MS 
     
Another ruthenium catalyst, Ru3(CO)12 used for the C-C ortho-arylation coupling reaction of 
sulfoximine 204 with iodobenzene failed to deliver any desired product (Table 5, entry 2). 
Metal catalysts such Pd(dba)3, [Ir(cod)Cl]2 and FeCl3 could not be employed for this reaction 
either (Table 5, entries 3-5).  
CuI with DMEDA or proline provided traces of the product 207 (204 did not give any desired 
results with CuI and DMEDA combination) but unfortunately efforts to optimize the 
conditions and to obtain at least fair yields were not successful (Table 5, entries 7, 8). 
 
2.4. Synthesis of a heterocyclic and a bioactive sulfoximine 
The study of heterocyclic sulfoximines is an important part of sulfoximine chemistry since 
they have not only proven to be useful as ligands in asymmetric synthesis5 but also 
heterocyclic sulfoximine containing aryl substituted oxazolidinones have been shown to be 
effective as bactericides.101 The different types of heterocyclic sulfoximines and their 
synthesis have already been discussed in section (1.5.1.3). The synthesis of Type II 
sulfoximines with either a Pd-catalyzed method66 or ring-closing metathesis (RCM) has 
precedence in literature.102, 103 The use of RCM for the synthesis of heterocyclic sulfoximines 
can be considered as a late addendum to this topic.104  
Several sulfoximines have shown great promise in medicinal chemistry.105 One such 
interesting example is the sulfoximine analogue of myristic acid. McDonald and co-workers 
carried out studies on the synthesis of rac-sulfoximine analogue of myristic acid and its 
2. Results and Discussion 
 
 
87 
 
biological properties which showed it to exhibit MoLV replication antagonism. Two methods 
for its synthesis were described (Scheme 74).9  
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Starting with a dimethyl sulfoxide (185) and 1-iodododecane (210), sulfoxide 211 was 
prepared in the presence of NaH as base in DMSO as solvent. Compound 211 was iminated 
using hydrazoic acid formed in-situ to yield the sulfoximine myristic acid (2) (Method A). 
Method B utilized N-4-tolyl dimethyl sulfoximine with 1-bromododecane (213) to form 
sulfoximine 214, which was deprotected by treating it with conc. H2SO4 to provide 2. Several 
other derivatives of sulfoximine myristic acid were also developed and tested but the 
potency of an enantiopure 2 has not yet been tested.  
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2.4.1. Research objective 
Harmata and co-workers have contributed greatly to the field of bicyclic sulfoximine 
heterocycles of the Type II.62-65 The synthesis of bicyclic sulfoximine heterocycles starting 
from dialkyl sulfoximines that are reminiscent of but different to that of the Harmata 
heterocycles is discussed in this section.   
In 1985 Kagan et al. described a procedure for the asymmetric oxidation of sulfides using 
tert-butyl hydroperoxide (t-BuOOH) and a chiral titanium complex prepared from Ti(O-i-Pr)4 
and diethyl tartrate (Scheme 75).106 
 
S
R1 R2
2
Ti(Oi-Pr)4, (+)-DET, H2O
t-BuOOH
CH2Cl2, rt
S
R1 R2
(R)-4
O
 
Scheme 75 
 
The synthesis of an enantiopure sulfoximine by using the above method of asymmetric 
oxidation of a sulfide followed by a stereospecific imination of the sulfoxide was envisioned.  
A number of sulfoximines have shown potential as pharmaceutical products but most of 
them have been used only as racemates. Enantioenriched sulfoximine moieties have rarely 
been tested. In a bid to fill this void a method for the synthesis of an enantiopure 
sulfoximine myristic acid analogue has been explored to test its potential as a possible 
pharmaceutical candidate. 
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2.4.2. Synthesis of heterocyclic sulfoximines 
A complimentary two step pathway for the synthesis of heterocyclic sulfoximines was 
visualized. 
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Starting from an N-protected sulfoximine, a coupling reaction with a 2-halo-benzylhalide of 
the type 216 followed by the deprotection of the sulfoximine to give NH-sulfoximine 217 
was conceived. Intramolecular N-arylation of 217 to form heterocyclic sulfoximine 218 was 
anticipated.  
N-TBDPS protected dimethyl sulfoxide was chosen as the test substrate 215a. To a solution 
of sulfoximine 215a in dry THF was added n-BuLi at −78 °C, which was stirred for 20 minutes 
and a solution of 1-bromo-2-(bromomethyl)benzene (216a) in THF was added. The resulting 
mixture was warmed to room temperature. Purification of the product provided a coupled 
N-TBDPS protected sulfoximine 219 in 70% yield (Scheme 77).  
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Scheme 77 
 
Substrate 219 was deprotected by the reaction of tetra-n-butyl ammonium fluoride (TBAF) 
in THF to give 217a in 79% yield. The NH-methyl 2-bromoaryl sulfoximine (217a), was 
refluxed in toluene at 140 °C with copper (I) iodide along with DMEDA as ligand and K2CO3 
as base to undergo an intramolecular N-arylation reaction to provide the heterocyclic 
sulfoximine 218a in excellent yield (89%).44i  
Syntheses of some other heterocyclic sulfoximines bearing different alkyl groups and various 
other 2-halo-benzylhalides have also been successfully tested. The synthesis of enantiopure 
heterocyclic sulfoximines bearing methyl and tert-butyl groups have also been carried out 
(Schemes 78 and 79).107    
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The preparation of an enantioenriched benzothiazine 218b was achieved by a similar 
sequence of reactions as shown in Scheme 77. Starting with achiral 215a, an 
enantioenriched sulfoximine with a pendant aryl halide moeity 219a could be synthesized 
by treating it with (S,S)-(1-phenylethyl)lithiumamine at −105 °C with dry THF as the solvent. 
Subsequent treatment with 1-bromo-2-(bromomethyl)benzene (216a) in THF with n-BuLi in 
THF provided 219a in 70% yield and 55% ee. Cleavage of TBDPS group from 219a with TBAF 
in THF and it’s subsequent cyclization by the intramolecular N-arylation in the presence of 
CuI with DMEDA as ligand, provided 218b in 70% yield and 54% ee, over two steps.   
The synthesis of a chiral sulfoximine heterocycle bearing a tert-butyl group was achieved by 
starting from (R)-tert-butylthiosulfinate.108, 109 Treatment of 220 (82% ee) with methyl 
magnesiumbromide,110, 111 followed by imination of the corresponding sulfoximine with 
Fe(acac)3, as catalyst and preformed iminoiodinane (PhINNs) as nitrene source in 
acetonitrile, as solvent at room temperature led to the formation of N-nosyl protected 221 
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(82% ee). Cleavage of the nosyl group followed by TBDPS protection of the sulfoximine 221 
led to the formation of N-TBDPS protected sulfoximine 222. In a similar reaction sequence 
as reported earlier heterocyclic sulfoximine, 223 on treatment with CuI and DMEDA gave 
224 72% yield and 82% ee (Scheme 79).      
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2.4.3. Synthesis of an enantiopure sulfoximine analogue of myristic acid 
In the quest for synthesis of an enantiopure sulfoximine analogue of myristic acid, a 
modified version of Kagan’s procedure for the asymmetric oxidation of sulfides112 was used 
for the oxidization of 4-bromophenyl methyl sulfide (225) to 4-bromophenyl methyl 
sulfoxide (226) (Scheme 80). 
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Scheme 80 
 
 (S,S)-(−)-Diethyl tartarate was dissolved in anhydrous CH2Cl2, a solution of Ti(O-i-Pr)4 in 
anhydrous CH2Cl2 was added and the mixture was stirred vigorously for 2 minutes after 
which distilled water was added and the mixture was stirred at room temperature for a 
further 20 minutes to allow the formation of the chiral titanium complex. The mixture was 
cooled to −20 °C and the sulfide 225 in anhydrous CH2Cl2 along with cumene hydroperoxide 
(CHP) was added to it. The reaction mixture was stirred at −20 °C for 3 hours. Purification of 
the product gave 4-bromophenyl methyl sulfoxide 226 in 76% yield and 76% ee. Careful 
recrystallization of the product from hexane provided (S)-(−)-226 with an enantiomeric 
excess of >99%.  
Continuing with Naso’s procedure to obtain a long chain dialkyl sulfoxide,112 the 
displacement reaction of the 4-bromophenyl group with tridecylmagnesium bromide was 
carried out (Scheme 81). 
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Tridecylmagnesium bromide was prepared by a very slow addition of tridecyl bromide in 
THF to activated magnesium turnings in THF while stirring for 2 hours. Sulfoxide (S)-(−)-226 
dissolved in THF was cooled to 0 °C. Tridecylmagnesium bromide in THF, prepared earlier, 
was added drop-wise to the cooled solution over a period of 1 hour after which it was 
stirred for 1.5 hours at 0 °C. The reaction was quenched and purified to yield methyl n-
tridecyl sulfoxide 211 in 92% yield. A very careful recrystallization of (R)-(−)-211 from hexane 
provided the desired product with a >99% ee. 
The next step involved the imination of the enantiopure sulfoxide (R)-(−)-211. Several 
methods for the stereospecific imination of optically pure sulfoxides using metal catalysts 
are known.37-40 The Fe(OTf)2 catalyzed imination procedure has been successfully employed 
for several substrates including sterically hindered sulfoxides. Hence this method became 
the choice for imination of sulfoxide (R)-(−)-211. 
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Sulfoxide (R)-(−)-211 in acetonitrile along with Fe(OTf)2 (5 mol%) as a catalyst, 
iodosylbenzene (PhI=O), tosyl amide as a nitrene source for imination and molecular sieve 
(MS) was stirred at room temperature under inert conditions for 1.5 hours after which it 
was purified. (R)-(−)-227 was obtained in 81% yield but unfortunately it displayed lower 
enantiomeric ratio (66% ee) (Scheme 82). Higher enantioselectivity meant that the product 
needed to be re-crystallized or an alternative or a more efficient route using preformed 
iminoiodanes could be tried. Since, the next step involving the deprotection needed harsh 
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conditions to remove the tosyl group which would again affect the stereoselectivity of the 
product this idea was abandoned and the imination with an alternative protecting group 
was performed. 
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Scheme 83 
 
A similar imination procedure utilizing PhI=O and nosyl amine (NsNH2) under the same 
reaction conditions was performed. Unfortunately, the desired product was not obtained 
with iodosylbenzene and 4-nitrobenzenesulfonyl amine. A preformed iminoiodane 
(PhI=NNs) that is a better nitrogen transfer agent was tried next under the same reaction 
conditions. N-nosyl sulfoximine (R)-(−)-228 was obtained in moderate yield (64%) and with 
retention of the enantiomeric ratio (>99% ee) (Scheme 83).  
The final step for obtaining enantiopure myristic sulfoximine analogue 2 was the de-
protection of sulfoximine (R)-(−)-228 which was affected by following a previous method for 
the cleavage of the 4-nitrosulfonyl moeity (Scheme 84).40 
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Sulfoximine (R)-(−)-228 was deprotected by stirring with a mixture of thiophenol (PhSH) and 
Cs2CO3 at 30 °C for 9 hours. After purification by column chromatography the sulfoximine 
analogue of myristic acid (R)-(−)-2 was obtained in 96% yield.  
All attempts to find a suitable HPLC separation system for the determination of the 
enantiomeric excess of (R)-(−)-2 were in vain. Hence in order to attach a chromophore to 
(R)-(−)-2, so as to detect it on HPLC, the sulfoximine had to be protected once again with a 
suitable group. 
This was achieved by utilizing a method developed by Johnson et al. whereby the 
sulfoximine (R)-(−)-2 was treated with nosyl chloride in pyridine as a base as well as a 
solvent (Scheme 85).113  
 
C13H27
S
CH3
>99% ee
(R)-()-228
O N
Ns
C13H27
S
CH3
(R)-()-2
O NH NsCl, pyridine
18 h, rt
54%
 
Scheme 85 
 
2. Results and Discussion 
 
 
97 
 
(R)-(−)-2 was stirred for 18 hours along with nosyl chloride (NsCl) in pyridine to yield N-nosyl 
protected sulfoximine myristic acid analogue (R)-(−)-228 in 54% yield and >99% ee proving 
that the earlier deprotection method had retained the enantiomeric ratio of the sulfoximine 
myristic acid (R)-(−)-2.   
Another method utilizing a chiral base desymmetrization strategy, starting from a dialkyl 
sulfoximine 215a has also been used for the synthesis of a chiral non-racemic sulfoximine 
myristic acid analogue (Scheme 86).107  
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Scheme 86 
 
A deprotonation reaction on N-TBDPS protected dimethyl sulfoximine (215a) with (S,S)-(1-
phenylethyl)lithiumamide and lithium chloride at −105 °C with dry THF as the solvent, 
followed by trapping with TMSCl led to the formation of sulfoximine 229 with 81% yield and 
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with an enantiomeric excess of 58%. Following a Peterson reaction, 229 was treated with n-
BuLi and dodecanal which on hydrogenation reaction led to the formation of 230 in 37% 
yield and 58% ee. Cleavage of the N-TBDPS sulfoximine myristic acid analogue with TBAF in 
THF provided (+)-NH-sulfoximine myristic acid analogue 2 in 53% yield.   
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3. Summary and Outlook     
3.1. Metal-free synthesis of N-cyano sulfilimines and sulfoximines 
A previously demonstrated process for the synthesis of N-cyano sulfilimines and their 
subsequent oxidation to yield N-cyano sulfoximines has been utilized to show its efficiency 
in the synthesis of sulfoximines on gram scale reactions. N-Bromosuccinimide (NBS) and 
cyanogen amide as nitrene transfer agents were employed in the scale-up imination 
reaction of sulfides under very mild conditions, in mostly excellent yields. The scale-up 
oxidation reactions on N-cyano sulfilimines were also successful, providing with N-cyano 
sulfoximines in good to excellent yields. Unfortunately attempts to utilize this protocol to 
obtain a sulfoximine derivative of methionine or its ester remained unsuccessful. 
A deprotection reaction of the nitrile group of the N-cyano sulfoximine to yield synthetically 
valuable NH-sulfoximines on a gram scale was performed. Two methods were demonstrated 
for the purpose: 
1. A direct deprotection method that requires refluxing of the N-cyano sulfoximine with 
sulfuric acid provided NH-sulfoximine in moderate yields.  
2. A mild two-step one-pot process that proceeds via synthetically interesting N-
trifluoroacetyl protected sulfoximine, which can be isolated, was also demonstrated on a 
gram-scale with comparable yields.   
In conclusion, a scale-up method for the synthesis of sulfoximines under mild reaction 
conditions that utilizes reagents that are stable, mild, easy to handle and non-explosive, 
which also do not need dried solvents and inert atmosphere was demonstrated. 
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3.2. In search of an alternative nitrogen source for imination at sulfur center 
of a sulfide/sulfoxide   
The second project dealt with attempts to find a new method for the imination of sulfides or 
sulfoxides so as to provide a diverse approach, suitable for the synthesis of either a free NH-
sulfoximines or a method to obtain various N-substituted sulfoximines. Attempts to this 
purpose remained unsuccessful. Employing previously used metal catalysts along with 
several different nitrene sources or other nitrogen-containing compounds did not provide 
the desired product on the test substrates.  
Oxaziridines that had been previously employed for sulfide iminations failed to react with 
sulfoxides as did nitrogen containing phosphine derivatives under the test conditions. HOSA 
which is a very versatile reagent on account of the amino group being able to act both as an 
electrophile and a nucleophile depending on the conditions and has been employed for 
several different types of reactions including the imination of a few alkyl sulfides could not 
be utilized. 
However these attempts at sulfide/sulfoxide iminations help to provide a better 
understanding of the chemistry of oxidative iminations of sulfides and/or sulfoxides. 
Hopefully this translates into the discovery of a better and more general means of obtaining 
sulfoximines in future. 
 
3.3. Attempted C-C coupling reactions of sulfoximines 
The third project dealt with intermolecular C-C ortho-arylation coupling reactions of 
sulfoximines with aryl halides. Examples with metal-catalyzed intermolecular C-C ortho-
arylation coupling reactions can be found in the literature especially so with palladium 
complexes and many involving heterocycles as well but there is no precedence of such a 
reaction with sulfoximines. Thus attempts for an ortho-arylation coupling reaction with N-
substituted methyl phenyl sulfoximines and aryl iodide in presence of metal-catalysts were 
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made. Several metal catalysts such as Pd(OAc2), Pd2(dba)3, [RuCl2(η
6-C6H6)]2, Ru3(CO)12, 
[Ir(cod)Cl]2, FeCl3 and CuI were used for this purpose.    
Pd(OAc)2 was extensively tested with varying temperatures (80-140 °C), solvents (DMF, 
DMSO, TFAA, toluene, etc.) and additives [Cu(OAc)2, Ag(OAc), PhI(OAc), etc.] but failed to 
provide any of the desired product with the test substrates. 
Further attempts at using metal catalysts such as Pd2(dba)3, [RuCl2(η
6-C6H6)]2, Ru3(CO)12, 
[Ir(cod)Cl]2 and FeCl3 also remained unsuccessful. CuI in combination with DMEDA or proline 
and K2CO3 gave trace quantities of a mono ortho-arylated product with N-methyl or N-
phenyl methyl phenyl sulfoximine (68, 204 respectively) and phenyl iodide but the reaction 
conditions could not be optimized to obtain a better yield. 
Efforts towards developing an intermolecular C-C ortho-arylated coupling reaction of 
sulfoximines with an aryl halide remained unsucessful. 
 
3.4. Synthesis of a heterocyclic and a bioactive sulfoximine 
Heterocyclic sulfoximines have shown effectiveness as bactericides and some of them have 
been used as depressants for central nervous system. Besides this they are also valued as 
ligands in asymmetric synthesis and hence hold a special place in the study of sulfoximines. 
A heterocyclic sulfoximine was synthesized starting from an N-TBDPS protected dimethyl 
sulfoximine and 2-bromo-(2-bromomethyl) benzene. A condensation reaction provided N-
TBDPS protected sulfoximine with a pendant aryl group. This sulfoximine on deprotection 
underwent an intramolecular N-arylation reaction to yield a bicyclic sulfoximine heterocycle. 
A similar methodology has been applied for the synthesis of several heterocyclic 
sulfoximines.  
Due to lack of study of chiral non-racemic sulfoximines especially in pharmaceutical 
chemistry and finding no example of an enantiopure sulfoximine myristic acid analogue in 
literature, attempts to synthesize the same were made. A short and efficient method has 
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been developed. Starting with 4-bromophenyl methyl sulfide, an asymmetric oxidation 
procedure was performed to yield a chiral non-racemic sulfoxide. A displacement reaction 
of the sulfoxide provided the precursor to an N-sulfoximine myristic acid analogue. An iron 
(II)-catalyzed imination reaction40 provided an N-nosyl sulfoximine myristic acid analogue 
which upon simple protecting group removal provided the chiral non-racemic sulfoximine 
myristic acid analogue in moderate yield and high stereoselectivity. 
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4. Experimental Section 
4.1. General Information 
All air or moisture sensitive reactions were carried out under argon using standard Schlenk 
and vacuum line techniques.114 Glass-ware was heated under high-vacuum using a heat gun 
and then flushed with argon. All reaction for the synthesis of N-cyano sulfilimines, N-cyano 
sulfoximines and their subsequent de-protection were performed in air. All starting 
materials were purchased (unless otherwise stated in section 4.5) from commercial 
suppliers and were used without further purification. Moisture sensitive compounds were 
kept in the refrigerator or the freezer compartment. 
 
4.2. Solvents 
Solvents for anhydrous reactions were dried and purified according to standard 
techniques.115     
Acetone (CH3COCH3) Distilled before use. 
Acetonitrile (CH3CN) Anhyd. CH3CN was purchased from Acros and used as supplied.  
Dichloromethane (CH2Cl2) Distilled from KOH. 
Distilled from CaCl2 under an argon atmosphere. 
Ethanol (EtOH) Distilled over CaO.  
Ethyl acetate (EtOAc) Distilled before use 
Methanol (MeOH) Distilled over CaO  
Distilled under CaO and then dried over a magnesium cake 
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under an argon atmosphere 
Pentane  Distilled before use. 
Tetrahydrofuran (THF) Distilled from Solvona® and benzophenone under an argon 
atmosphere. 
Toluene  Distilled from Solvona® and benzophenone under an argon 
atmosphere. 
 
4.3. Chromatography 
Column chromatography was carried out using silica gel 40-63 μm. Analytical thin layer 
chromatography (TLC) was performed using precoated aluminium-backed plates (silica gel 
60 F254) and visualized with UV radiation at 254 nm or by staining techniques utilizing a 
basic aq. solution of potassium permanganate (KMnO4) in K2CO3 and 10% NaOH, an 
alcoholic solution of phosphomolybdic acid in ethanol, an acidic aqueous solution of 
ammonium molybdate tetrahydrate [(NH4)6Mo7O24]·4H2O and cerium sulfate tetrahydrate 
[Ce(SO4)]·4H2O or a solution of ninhydrin in n-BuOH/AcOH. 
 
4.4. Determination of physical data 
4.4.1. Optical rotations 
The optical rotations were carried out on a Perkin Elmer PE-241 instrument at room 
temperature and are given in deg·cm3·g–1·dm–1. The measurements were carried out using a 
light frequency of 589 nm (D-line of a sodium vapor lamp) in a cuvette (length d = 10 cm) 
using HPLC grade CHCl3 as solvent. The concentration c is given in g·100 mL
–1. 
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4.4.2. Melting Points 
Melting points were measured in open glass capillaries on a Büchi B-540 apparatus and are 
uncorrected.     
 
4.4.3. HPLC Analysis 
The enantiomeric ratios were measured by chiral HPLC instruments and were performed on 
an Agilent 1100-series or Agilent 1200-series system using chiral stationary phases from 
Chiral Technologies Ltd. using Daicel Chiralcel AD-H, OB-H, OD, OD-H, OJ or Diacel Chiralpack 
AS columns.  
 
4.4.4. IR spectroscopy 
IR spectra were recorded on a Perkin-Elmer PE 1760 FT spectrometer as KBr pellets, as a 
neat liquid or in CHCl3 solution. Only adsorption bands with intensity >50% are reported and 
quoted in wave numbers (cm–1). 
 
4.4.5. Mass spectrometry 
Mass spectra (EI and CI) were obtained on a Varian MAT 212 (CI, 100eV and EI, 70 eV) or a 
Finnagan SSQ 7000. The peaks are given in m/z and the intensity is given as a percentage of 
the base peak. ESI spectra were acquired on a Thermo Scientific LTQ Orbitrap XL.  
 
4.4.6. 1H NMR spectroscopy 
1H NMR spectra were recorded in CDCl3, CD3OD or DMSO-d6 on a Varian Mercury 300 (300 
MHz), a Varian Inova 400 (400 MHz) or a Bruker FT AM 400 (400 MHz) spectrometer and are 
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reported as follows: chemical shift δ (ppm) (multiplicity, coupling constant J (Hz), number of 
protons). Chemical shifts are quoted in parts per million (ppm) and are referenced to the 
appropriate solvent peak or δ = 0.00 ppm for tetramethylsilane.116 The following 
abbreviations were used to describe peak splitting patterns when appropriate: br = broad, s 
= singlet, d = doublet, t = triplet, m = multiplet. Coupling constants are given in Hertz to the 
nearest 0.1 Hz. All 1H NMR spectra were recorded at room temperature. 
 
4.4.7. 13C NMR spectroscopy 
13C NMR spectra were recorded in CDCl3, CD3OD or DMSO-d6 on a Varian Mercury 300 (at 75 
MHz), a Varian Inova 400 (at 100 MHz) or a Bruker FT AM 400 (at 100 MHz). Chemical shifts 
are quoted in parts per million (ppm) relative to the appropriate solvent peak or δ = 0.00 
ppm for tetramethylsilane.116 Coupling constants are given in Hertz to the nearest 0.1 Hz. 
Assignment of spectra was carried out using APT and DEPT experiments. All 13C NMR spectra 
were recorded at room temperature. 
 
4.4.8. HRMS analysis 
HRMS analysis was recorded on a Finnegan MAT 95 spectrometer. 
 
4.5. Synthesis of substrates 
The following compounds were synthesized according to literature procedures: 
 N-(tert-butyldiphenylsilyl) sulfoximine 215a14 
 N-methyl methyl phenyl sulfoximine 6844c 
 N-phenyl methyl phenyl sulfoximine 20444i 
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 N-(1H-tetrazole)methyl phenyl sulfoximine 20544j 
 
4.6. General procedure for the synthesis of N-cyano sulfilimines 
Method A: A mixture of sulfide 3 (1 equiv.), cyanogen amide, (1.3 equiv.) and potassium 
tert-butoxide (1.2 equiv.) was dissolved in methanol (3 mL/mmol). N-Bromosuccinimide (1.5 
equiv.) was added portion-wise and the mixture was stirred for 1.5-2 hours. The solvent was 
evaporated by using a rotary evaporator. A sat. solution of sodium thiosulfate (Na2S2O3) was 
added and the mixture was extracted with dichloromethane (3 x 60 mL). The combined 
organic layers were washed with water, dried over anhyd. MgSO4 and solvent was 
evaporated in vacuo followed by purification by flash column chromatography.  
Method B: A mixture of sulfide 3 (1 equiv.), cyanogen amide, (1.3 equiv.) and sodium tert-
butoxide (1.2 equiv.) was dissolved in methanol (3 mL/mmol). Iodine (4 equiv.) was added 
and the mixture was stirred for 1.5 hours. The solvent was evaporated using a rotary 
evaporator. A saturated solution of sodium thiosulfate (Na2S2O3) was added and the mixture 
was extracted with dichloromethane (3 x 60 mL). The combined organic layer was washed 
with water, dried over anhyd. MgSO4 and the solvent evaporated in vacuo followed by 
purification by flash column chromatography.    
 
   4.6.1. N-Cyano methyl phenyl sulfilimine (28a)44k, 78 
 
S
CH3
N
CN
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Following Method A of the general procedure for the synthesis of N-cyano sulfilimines, 
methyl phenyl sulfide (3a) (24 mmol, 3.0 g) on reaction with cyanogen amide (31 mmol, 1.3 
g), NBS (36 mmol, 6.4 g) and t-BuOK (29 mmol, 3.2 g) in MeOH, after purification by flash 
column chromatography (DCM/acetone 9:1) provided 3.70 g (93%) of N-cyano methyl 
phenyl sulfilmine (28a) as a colourless oil. 
Following Method B of the general procedure for the synthesis of N-cyano sulfilimines, 
methyl phenyl sulfide (3a) (24 mmol, 3.0 g) on reaction with cyanogen amide (31 mmol, 1.3 
g), I2 (97 mmol, 12.3 g) and t-BuONa (29 mmol, 2.8 g) in MeOH, after purification by column 
chromatography (DCM/acetone 9:1) provided 2.12 g (54%) of N-cyano methyl phenyl 
sulfilmine (28a) as a colourless oil.   
 
1H NMR (300 MHz, CDCl3): δ 7.82-7.77 (m, 2H), 7.67-7.55 (m, 3H), 3.02 (s, 3H).  
13C NMR (75 MHz, CDCl3): δ 135.8 (C), 132.9 (CH), 130.1 (2 x CH), 125.7 (2 x CH), 120.5 (CN), 
36.4 (CH3). 
 
4.6.2. N-Cyano benzyl methyl sulfilimine (28b)44k, 78 
 
S
CH3
N
CN  
 
Following Method A of the general procedure for the synthesis of N-cyano sulfilimines, 
benzyl methyl sulfide (3b) (7.3 mmol, 1.0 g) on reaction with cyanogen amide (9.5 mmol, 0.4 
g), t-BuOK (8.7 mmol, 1.0 g) and NBS (10.9 mmol, 1.9 g) in MeOH, after purification by flash 
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column chromatography (DCM/acetone 6:1 to 1:1), provided 1.04 g (80%) of N-cyano benzyl 
methyl sulfilimine (28b) as a white solid. 
Following Method B of the general procedure for the synthesis of N-cyano sulfilimines, 
benzyl methyl sulfide (3b) (21.7 mmol, 3.0 g) on reaction with cyanogen amide (28.2 mmol, 
1.2 g), t-BuONa (26.0 mmol, 0.8 g) and I2 (86.8 mmol, 11.0 g) in MeOH, after purification by 
flash column chromatography (DCM/acetone 6:1 to 1:1), provided 1.61 g (42%) of N-cyano 
benzyl methyl sulfilimine (28b) as a white solid. 
  
1H NMR (300 MHz, CDCl3): δ 7.47-7.42 (m, 3H), 7.40-7.34 (m, 2H), 4.43 and 4.19 (AB system, 
J = 12.8 Hz, 2H), 2.73 (s, 3H).  
13C NMR (75 MHz, CDCl3): δ 130.1 (2 x CH), 129.6 (CH), 129.5 (2 x CH), 127.6 (C), 119.5 (CN), 
55.4 (CH2), 31.2 (CH3).  
 
4.6.3. N-Cyano diphenyl sulfilimine (28c)25a, 78 
 
S
N
CN
 
 
Following Method A of the general procedure for the synthesis of N-cyano sulfilimines, 
phenyl sulfide (3c) (16.1 mmol, 3.0 g) on reaction with cyanogen amide (20.9 mmol, 0.9 g), t-
BuOK (19.3 mmol, 2.2 g) and NBS (24.2 mmol, 4.3 g) in MeOH, after purification by flash 
column chromatography (DCM/acetone 9:1) provided 3.40 g (95%) of N-cyano diphenyl 
sulfilimine (28c) as a white solid. 
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1H NMR (400 MHz, CDCl3): δ 7.72-7.53 (m, 10H).
 
13C NMR (100 MHz, CDCl3): δ 135.7(2 x C), 132.9 (2 x CH), 130.1 (4 x CH), 127.4 (4 x CH), 
120.6 (CN). 
 
4.6.4. N-Cyano tert-butyl methyl sulfilimine (28d)25a, 78 
 
S
CH3
N
CN
CH3
H3C
CH3
 
 
Following Method A of the general procedure for the synthesis of N-cyano sulfilimines, tert-
butyl methyl sulfide (3d) (9.6 mmol, 1.0 g) on reaction with cyanogen amide (12.5 mmol, 0.5 
g), t-BuOK (11.5 mmol, 1.3 g) and NBS (14.4 mmol, 2.6 g) in MeOH, after purification by flash 
chromatography (pentane/acetone 1:1 to acetone) provided 0.82 g (59%) of N-cyano tert-
butyl methyl sulfilimine (28d) as a white solid. 
 
1H NMR (300 MHz, CDCl3): δ 2.61 (s, 3H), 1.42 (s, 9H).
 
13C NMR (75 MHz, CDCl3): δ 122.3 (C), 57.1 (C), 26.5 (CH3), 23.2 (3 x CH3). 
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4.6.5. N-Cyano methyl 4-nitrophenyl sulfilimine (28e)44k, 78 
 
S
CH3
N
CN
O2N  
 
Following Method A of the general procedure for the synthesis of N-cyano sulfilimines, 
methyl 4-nitrophenyl sulfide (3e) (5.91 mmol, 1.0 g) along with cyanogen amide (7.7 mmol, 
0.3 g), t-BuOK (7.1 mmol, 0.8 g) and NBS (8.9 mmol, 1.6 g) in MeOH, after purification by 
flash column chromatography (DCM/acetone 9:1), provided 0.90 g (75%) of N-cyano methyl 
4-nitrophenyl sulfilimine (28e) as a pale yellow solid. 
 
1H NMR (300 MHz, CD3OD):  8.53(br d, J = 9.2 Hz, 2H), 8.18 (br d, J = 9.2 Hz, 2H), 3.21 (s, 
3H). 
13C NMR (75 MHz, CD3OD):  152.1 (C), 144.5 (C), 128.8(2 x CH), 126.3 (2 x CH), 121.9 (CN), 
37.2 (CH3).     
 
4.6.6. N-Cyano methyl 4-methoxyphenyl sulfilimine (28f)44k, 78 
 
S
CH3
N
CN
MeO  
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Following Method B of the general procedure for the synthesis of N-cyano sulfilimines, 
methyl 4-methoxyphenyl sulfide (3f) (6.5 mmol, 1.0 g) on reaction with cyanogen amide (8.4 
mmol, 0.4 g), t-BuOK (7.8 mmol, 0.9 g) and NBS (9.7 mmol, 1.7 g) in MeOH, after purification 
by flash column chromatography (DCM/acetone 9:1 to 2:1), provided 1.10 g (89%) of N-
cyano methyl 4-methoxyphenyl sulfilimine (28f) as a light yellow solid. 
 
1H NMR (300 MHz, CD3OD): δ 7.87 (d, J = 9.0 Hz, 2H), 7.22 (d, J = 9.0 Hz, 2H), 3.93 (s, 3H), 
3.12 (s, 3H). 
13C NMR (75 MHz, CD3OD): δ 163.8 (C), 128.5 (2 x CH), 126.2 (C), 121.3 (CN), 115.4 (2 x CH), 
55.0 (CH3), 34.8 (CH3). 
 
4.7. General procedure for the synthesis of N-cyano sulfoximines 
To a solution of sulfilimine 28 (1 equiv.) in EtOH (3 mL/mmol), K2CO3 (3 equiv.) and m-CPBA 
(1.5 equiv.) were added at 0 °C. The reaction mixture was slowly allowed to warm to room 
temperature and then stirred for 1.5 h. The solvent was removed under vacuo and water 
was added. The resulting mixture was extracted with DCM (3 x 60 mL). The combined 
organic phases were dried over anhyd. MgSO4, filtered and purified by flash column 
chromatography.   
 
4.7.1. N-Cyano methyl phenyl sulfoximine (29a)44k, 78 
 
S
CH3
O N
CN
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Following the general procedure for the synthesis of N-cyano sulfoximines, N-cyano methyl 
phenyl sulfilimine (28a) (22.5 mmol, 3.7 g) on reaction with m-CPBA (33.8 mmol, 5.8 g) and 
K2CO3 (67.6 mmol, 9.3 g) in EtOH afforded, after purification by flash column 
chromatography (acetone/pentane 1:3), N-cyano methyl phenyl sulfoximine (29a) (3.1 g, 
76%) as a white solid.  
 
1H NMR (300 MHz, CDCl3): δ 8.04-7.98 (m, 2H), 7.79 (tt, J = 7.4, 1.2 Hz, 1H), 7.73-7.66 (m, 
2H), 3.35 (s, 3H). 
13C NMR (75 MHz, CDCl3): δ 136.0 (C), 135.5 (CH), 130.3 (2 x CH), 127.9 (2 x CH), 111.8 (CN), 
44.8 (CH3).   
 
4.7.2. N-Cyano benzyl methyl sulfoximine (29b)44k, 78 
 
S
O N
CN
CH3
 
 
Following the general procedure for the synthesis of N- cyano sulfoximines, N-cyano benzyl 
methyl sulfilimine (28b) (5.8 mmol, 1.04 g) on reaction with m-CPBA (8.7 mmol, 1.5 g) and 
K2CO3 (17.5 mmol, 2.4 g) in EtOH afforded, after purification by flash column 
chromatography (ethyl acetate/pentane 4:1), N-cyano benzyl methyl sulfoximine (29b) (0.7 
g, 60%) as a white solid. 
 
1H NMR (300 MHz, CDCl3): δ 7.51-7.43 (m, 5H), 4.62 (s, 2H), 3.01 (s, 3H).
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13C NMR (75 MHz, CDCl3): δ 131.2 (2x CH), 130.5 (CH), 129.3 (2 x CH), 125.9 (C), 112.2 (CN), 
61.8 (CH2), 38.6 (CH3). 
 
4.7.3. N-Cyano diphenyl sulfoximine (29c)25a, 78 
 
S
O N
CN
 
 
Following the general procedure for the synthesis of N-cyano sulfoximines, N-cyano phenyl 
sulfilimine (28c) (15.0 mmol, 3.4 g) on reaction with m-CPBA (22.5 mmol, 3.9 g) and K2CO3 
(45.1 mmol, 6.2 g) in EtOH afforded, after purification by flash column chromatography 
(ethyl acetate/pentane 2:1), N-cyano diphenyl sulfoximine (29c) (3.1 g, 86%) as a white 
solid. 
 
1H NMR (400 MHz, CDCl3): δ 8.03 (dd, J = 7.1, 1.7 Hz 2H), 7.69 (tt, J = 7.1, 1.4 Hz, 4H), 7.61 
(tt, J = 7.1, 1.7 Hz, 4H). 
13C NMR (100 MHz, CDCl3): δ 137.3 (2 x C), 134.7 (2 x CH), 130.0 (4 x CH), 127.9 (4 x CH), 
111.9 (CN). 
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4.7.4. N-Cyano tert-butyl methyl sulfoximine (29d)107 
 
S
CH3
H3C
CH3
H3C
O N
CN
 
 
Following the general procedure for the synthesis of N-cyano sulfoximines, N-cyano tert-
butyl methyl sulfilimine (28d) (4.3 mmol, 0.6 g) on reaction with m-CPBA (6.5 mmol, 1.1 g) 
and K2CO3 (12.9 mmol, 1.8 g) in EtOH afforded, after purification by flash column 
chromatography (pentane/acetone 1:1), N-cyano methyl 4-nitrophenyl sulfoximine (29d) 
(0.4 g, 52 %) as a white solid.  
 
M.p. = 56-58 °C. 
IR (KBr): 2996, 2924, 2192, 1471, 1236, 1162, 969, 836 cm–1. 
1H NMR (400 MHz, CDCl3): δ 3.15 (s, 3H), 1.56 (s, 9H). 
13C NMR (100 MHz, CDCl3): δ 111.6 (CN), 63.3 (C), 34.4 (CH3), 23.4 (3 x CH3).  
MS (EI) m/z (relative intensity): 161 [25, (M+H)+], 145 (11, M+-Me), 105 (34), 57 (100).  
Anal. Calcd for C6H12N2OS: C, 44.97; H, 7.55; N, 17.48. Found: C, 45.03; H, 7.48; N, 17.47. 
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4.7.5. N-Cyano methyl 4-nitrophenyl sulfoximine (29e)44k, 78 
 
S
CH3
O N
CN
O2N  
 
Following the general procedure for the synthesis of N-cyano sulfoximines, N-cyano methyl 
4-nitrophenyl sulfilimine (28e) (4.3 mmol, 0.9 g) on reaction with m-CPBA (6.5 mmol, 1.1 g) 
and K2CO3 (12.9 mmol, 1.8 g) in EtOH afforded, after purification by flash column 
chromatography (ethyl acetate/pentane 1:4 to ethyl acetate), N-cyano methyl 4-nitrophenyl 
sulfoximine (29e) (0.9 g, 96%) as a pale yellow solid.  
 
1H NMR (300 MHz, DMSO-d6): δ 8.55 (br d, J = 8.8 Hz, 2H), 8.32 (br d, J = 8.8 Hz, 2H), 3.30 (s, 
3H). 
13C NMR (75 MHz, DMSO-d6): δ 151.3 (C), 141.8 (C), 129.6 (2 x CH), 125.1 (2 x CH), 111.6 
(CN), 42.1 (CH3).     
 
4.7.6. N-Cyano methyl 4-methoxyphenyl sulfoximine (29f)44k, 78 
 
S
CH3
O N
CN
MeO  
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Following the general procedure for the synthesis of N-cyano sulfoximines, N-cyano methyl 
4-methoxyphenyl sulfilimine (28f) (5.7 mmol, 1.1 g) on reaction with m-CPBA (8.6 mmol, 1.5 
g) and K2CO3 (17.0 mmol, 2.3 g) in EtOH afforded, after purification by flash column 
chromatography (ethyl acetate/pentane 1:4 to ethyl acetate), N-cyano methyl 4-
methoxyphenyl sulfoximine (29f) (0.9 g, 77%) as a white solid.  
 
1H NMR (300 MHz, CD3OD): δ 7.97 (br. d, J = 9.1 Hz, 2H), 7.23 (br. d, J = 9.1 Hz, 2H), 3.91 (s, 
3H), 3.47 (s, 3H). 
13C NMR (75 MHz, CD3OD): δ 165.3 (C), 130.1 (2 x CH), 126.8 (C), 115.1 (2 x CH), 112.7 (CN), 
55.2 (CH3), 43.4 (CH3). 
 
4.8. Synthesis of an NH-sulfoximine 
4.8.1. NH-Methyl phenyl sulfoximine (10)13, 78 
 
S
CH3
O NH
 
 
Method A: To N-cyano sulfoximine 29a (1.0 g, 5.6 mmol), H2SO4 (50% aq., 25 mL) was 
added. The mixture was refluxed for 2 h and allowed to cool to room temperature. After 
neutralization with 50% NaOH the mixture was extracted with CH2Cl2 (3 x 50 mL). The 
combined organic layers were dried over anhydrous MgSO4 and the solvent removed under 
reduced pressure. Purification by flash column chromatography (ethyl acetate/acetone 5:1) 
yielded 10 as a white solid (0.6 g, 64% yield).   
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Method B: To a solution of N-cyano sulfoximine 29a (5.6 mmol, 1.0 g) in CH2Cl2 (100 mL) at 
0 °C trifluoroacetic anhydride (TFAA) (2.3 mL, 16.6 mmol) was added. The mixture was 
stirred at room temperature until most of the starting material was consumed (monitored 
by TLC). The reaction mixture was concentrated under vacuo, dissolved in MeOH (40 mL) 
followed by K2CO3 (27.7 mmol, 3.8 g) addition. The reaction was allowed to react at room 
temperature until the starting material was consumed (monitored by TLC). The solvent was 
removed under reduced pressure and water (100 mL) was added. The resulting mixture was 
extracted with CH2Cl2 (3 x 50 mL). The organic layer was dried over anhydrous MgSO4 and 
filtered. Evaporation of the solvent in vacuo followed by flash column chromatography 
(ethyl acetate to ethyl acetate/acetone 5:1) gave 11 as white solid (0.5 g, 63% yield). 
 
1H NMR (300 MHz, CDCl3): δ 8.06-7.98 (m, 2H), 7.66-7.52 (m, 3H), 3.10 (s, 3H, CH3), 2.86 (br 
s, 1H, NH). 
13C NMR (75 MHz, CDCl3): δ 143.4 (C), 132.9 (CH), 129.1 (2 x CH), 127.6 (2 x CH), 46.1 (CH3). 
 
4.9. Synthesis of heterocyclic sulfoximine 
4.9.1. Synthesis of N-(tert-butyldiphenylsilyl)(2-bromophenyl)ethyl di-methyl sulfoximine 
(219)107 
 
Br
S
O N
TBDPS
CH3
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To a solution of N-(tert-butyldiphenylsilyl) sulfoximine (215a) (1.0 mmol, 331.1 mg) in dry 
THF at −78 °C, was added n-BuLi (1.1 mmol, 0.71 mL). The resulting solution was stirred at 
this temperature for 20 minutes. A solution of 1-bromo-2-(bromomethyl)benzene (2.0 
mmol, 500 mg) in dry THF was added and the resulting mixture was allowed to warm to 
room temperature and stirred for an additional period of one hour. The reaction mixture 
was quenched with an aqueous saturated solution of H3PO4. The aqueous layer was 
extracted with diethyl ether (3 x 10 mL), the organic layer was dried over anhyd. MgSO4 and 
the product purified by flash column chromatography (hexane/ethyl acetate 9:1) to yield 
the product N-(tert-butyldiphenylsilyl)(2-bromophenyl)ethyl di-methyl sulfoximine (219) as 
a colourless oil (348.9 mg, 70% yield).  
 
IR (CHCl3): 3067, 3014, 2931, 2890, 2855, 1472, 1427, 1299, 1158, 1107, 1025, 941, 822, 
753, 704, 640, 600, 503 cm-1. 
1H NMR (400 MHz, CDCl3): δ 7.80-7.76 (m, 4H), 7.53 (dd, J = 8.0, 1.0 Hz), 7.40-7.37 (m, 7H), 
7.25-7.21 (m, 1H), 7.11 (t, 1H, J = 7.0 Hz), 3.22-3.14 (m, 4H), 2.73 (s, 3H), 1.11 (s, 9H, t-Bu). 
13C NMR (100 MHz, CDCl3): δ 137.40 (C), 136.4 (C), 136.2 (C), 135.5 (CH), 135.4 (CH), 132.9 
(CH), 130.6 (CH), 129.0 (CH), 128.5 (CH), 127.8 (CH), 127.4 (CH), 124.2 (C),  58.1 (CH2), 44.6 
(CH3), 30.7 (CH2), 27.2 (CH3), 19.3 (C). 
MS (EI) m/z (relative intensity): 444 [100, M+-t-Bu (81Br)], 442 [96, M+-t-Bu (79Br)], 366 (18), 
364 (15), 212 (8), 199 (23), 104 (9). 
HRMS: C25H30NO
79BrSSi-C4H9 calculated 442.0297 found 442.0297. 
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4.9.2. Synthesis of (2-Bromophenyl)ethyl di-methyl sulfoximine (217a)107 
 
Br
S
O NH
CH3
 
 
N-(tert-Butyldiphenylsilyl)(2-bromophenyl)ethyl dimethyl sulfoximine (219) (0.20 mmol, 100 
mg) was dissolved in dry THF and tetrabutyl ammonium fluoride (TBAF) (0.40 mmol, 0.12 
mL) in THF was added. The resulting mixture was stirred at room temperature until TLC 
indicated completion of the reaction. The solution was concentrated in vacuo and purified 
by flash column chromatography (pentane/ethyl acetate 1:1 to MeOH/ethyl acetate 1:9) to 
yield (2-bromophenyl)ethyl dimethyl sulfoximine (217a) as oil (47.9 mg, 79%). 
IR (CHCl3): 3335, 2969, 1465, 1217, 1025, 949, 758 cm
-1. 
1H NMR (400 MHz, CDCl3): δ 7.55 (dd, 1H, J = 8.0, 0.8 Hz, CH),  7.32-7.25 (m, 2H, Ar H), 7.13 
(td, 1H, J = 8.0, 2.0 Hz), 3.39-3.35 (m, 2H, CH2), 3.28-3.24 (m, 2H, CH2), 2.98 (s, 3H, CH3), 2.43 
(br s, 1H, NH). 
13C NMR (100 MHz, CDCl3): δ 136.9 (C), 133.2 (CH), 130.9 (CH), 128.6 (CH), 128.0 (CH), 124.2 
(C), 56.6 (CH2), 43.0 (CH3), 30.7 (CH2). 
MS (EI) m/z (relative intensity): 263 [1, M+ (81Br)], 261 [1, M+ (79Br)], 184 (26), 183(23), 181 
(100). 
HRMS: C9H12NOS calculated 182.0640 found 182.0640. 
 
 
 
4. Experimental Section 
 
 
121 
 
4.9.3. Synthesis of 2λ4-2,2-benzothiazine-3,4-dihydro-2-methyl-2-oxide (218a)107  
 
S
N O
CH3
 
 
To a solution of (2-bromophenyl)ethyl dimethyl sulfoximine (217a) (0.16 mmol, 47.9mg ) in 
dry toluene (2 mL), CuI (0.016 mmol, 3.1 mg), K2CO3 (0.64 mmol, 88.4mg) and DMEDA 
(0.032 mmol, 3.4 μL) were added and refluxed in a sealed tube for 20 hours at 140 °C.  The 
reaction mixture was then cooled to room temperature and the residue was subjected to 
purification by flash column chromatography (ethyl acetate to methanol/ethyl acetate 1:9) 
to yield 2λ4-2,2-benzothiazine-3,4-dihydro-2-methyl-2-oxide (218a) as a white solid (25.4 
mg, 89%). 
 
M.P.: 150 - 152 °C 
IR (KBr):  2971, 1596, 1567, 1480, 1452, 1265, 1189, 1048, 1018, 753 cm-1. 
1H NMR (400 MHz, CDCl3): δ 7.16 (td, 1H, J = 8.0, 1.0 Hz), 7.02 (br d, 1H, J = 6.5 Hz), 6.89 (dd, 
1H, J = 8.0, 1.0 Hz), 6.84 (td, 1H, J = 6.5, 1.0 Hz), 3.42-3.06 (m, 4H), 3.21 (s, 3H, CH3). 
13C NMR (100 MHz, CDCl3): δ 144.2 (C), 128.7 (CH), 128.4 (CH), 122.9 (CH), 120.4 (CH), 44.5 
(CH2), 42.5 (CH3), 24.0 (CH2). 
MS (EI) m/z (relative intensity): 182 [11, (M+H)+], 181 (100, M+), 138 (24), 118 (35), 117 (40), 
91 (25). 
Elemental Analysis: C9H11NOS requires C: 59.64 H: 6.12 N: 7.73 found C: 59.42 H: 6.30 N: 
7.86. 
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4.10. Synthesis of sulfoximine myristic acid analogue 
4.10.1. Synthesis of (S)-(−)-4-bromophenyl methyl sulfoxide (226)112, 107 
 
S
CH3
Br
O
 
 
In a flask containing (S,S)-(−)-diethyl tartrate (5.91 mmol, 1.22 g) dissolved in 10 mL of 
anhyd. CH2Cl2, a solution of Ti(O-i-Pr)4 (840 mg, 2.95 mmol) dissolved in 6 mL of anhydrous 
CH2Cl2 was added. The mixture was stirred vigorously for 2 min, after which 16 µL of distilled 
water was added. This mixture was stirred for 20 min at room temperature and cooled to 
−20 °C. p-Bromophenyl methyl sulfide  (225) (600 mg, 2.95 mmol) in 6 mL of anhydrous 
CH2Cl2 and cumene hydroperoxide (3.25 mmol) was added to the cooled mixture. The 
reaction mixture was stirred at −20 °C for 3 hours after which the reaction was allowed to 
warm to room temperature and quenched with a saturated solution of NH4Cl. The reaction 
mixture was filtered over celite and the organic layer was extracted with CH2Cl2 (3 x 25 mL). 
The organic layers were collected, washed with water and dried over anhydrous MgSO4. The 
solvent was evaporated in vaccuo and the product purified by column chromatography 
(pentane: ethly acetate 3:7) to obtain (S)-(−)-226 as a white solid [501.0 mg, 77%, 99% ee 
(after recrystallization from hexane)]. 
 
M.P.: 76 - 78 °C  
[α]D= −106.2 (c=1, CHCl3) 
HPLC: Daicel Chiralcel OB-H column, n-heptane/2-propanol 7:3, 0.7 mL/min; 254 nm; t R1 
10.3 min (major); t R1 13.4 min (minor).  
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1H-NMR (400 MHZ, CDCl3) δ: 7.63-7.66 (m, 2H), 7.51-7.48 (m, 2H), 2.69 ppm (s, 3H).  
13C-NMR (100 MHZ, CDCl3) δ: 145.0 (C), 132.7 (2 x CH), 125.6 (C), 125.3(2 x CH), 44.3 (CH3) 
ppm. 
 
4.10.2. Synthesis of (R)-(−)-methyl n-tridecyl sulfoxide (211)112, 107 
 
C13H27
S
CH3
O
 
 
A solution of (S)-(−)-226 (0.68 mmol, 150 mg) in 5 mL dry THF was cooled to 0 °C in an 
atmosphere of argon. n-Tridecyl magnesium bromide (295.4 mg, 1.03 mmol) was added 
dropwise to the above cooled solution over a period of 30 min. The mixture was stirred at 0 
°C for 1.5 h, after which it was allowed to cool to room temperature and quenched with a 
saturated solution of NH4Cl. The organic phase was extracted with CH2Cl2, washed with 
water, dried over MgSO4 and solvent removed in vaccuo. Purification was done by column 
chromatography (ethyl acetate) to obtain (R)-(−)-211 as a white solid [155.0 mg, 92%, >99% 
ee (after recrystallization from minimum amount of hexane)].  
M.P.: 64 °C - 65 °C 
[α]D= −15.2 (c=0.7, CHCl3) 
HPLC: Diacel Chiralcel OB-H column, n-heptane/2-propanol 99:1, 0.5 mL/min; 230 nm; t R 
25.5 min. 
1H-NMR (400 MHZ, CDCl3): δ 2.74-2.58 (m, 2H), 2.53 (s, 3H), 1.76-1.68 (m, 2H), 1.48-1.37 (m, 
2H), 1.35-1.22 (m, 18H), 0.85 (t, J= 6.8 Hz, 3H).  
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13C-NMR (100 MHZ, CDCl3): δ 55.1 (CH2), 38.9 (CH3), 32.2 (CH2), 29.9 (CH2), 29.8 (CH2), 29.8 
(CH2), 29.6 (CH2), 29.5 (CH2), 29.3 (CH2), 29.1 (CH2), 28.7 (CH2), 23.0 (CH2), 22.9 (CH2), 14.4 
(CH3). 
 
4.10.3. Synthesis of (R)-(−)-N-(4-methyl-benzenesulfonyl) methyl n-tridecyl sulfoximine 
(227)107  
 
C13H27
S
CH3
N
S
O
O
CH3
O
 
 
A mixture of sulfoxide (R)-(−)-226 (0.45 mmol, 110 mg, 74% ee), Fe(OTf)2 (5 mol%), 
powdered MS 4Å (0.5 g/mmol), and PhI=NTs (216.9 mg, 0.58 mmol) in CH3CN (6 mL) was 
stirred at room temperature for 1.5 h. The solvent was evaporated in vacuo and the product 
was purified by column chromatography (ethyl acetate) to obtain (R)-(−)-N-(4-methyl-
benzenesulfonyl) methyl n-tridecyl sulfoximine (227) as a white solid (150.2 mg, 81%, 66% 
ee). 
 
M.P: 47.6 °C - 49.5 °C. 
[α]D= −2.4 (c=1, CHCl3). 
HPLC: Diacel Chiralcel AD-H column, n-heptane/2-proponal, 9:1, 0.6 mL/min; 254 nm; t R1 = 
27.5 min (major), t R2 = 30.7 min (minor).  
IR (KBr): 3359, 3020, 2917, 2853, 1598, 1468, 1294, 1221, 1150, 1052, 971, 810, 762, 713, 
679 cm−1.  
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MS (EI), m/z (relative intensity): 416.2 [M+; 8], 245.2 [50], 234.1 [100], 218.0 [29], 155.1 [75], 
139.1 [6], 105.3 [19], 91.3 [45], 69.5 [10], 62.4 [14], 55.6 [24].   
1H NMR (400 MHz, CDCl3): δ 7.84 (dd, J = 8.3 Hz, J = 8.6 Hz, 2H), 7.30 (dd, J = 8.0 Hz, J = 8.0 
Hz, 2H), 3.38-3.33 (m, 2H), 2.40 (s, 3H), 1.95-1.78 (m, 2H), 1.59 (s, 3H), 1.46-1.39 (m, 2H), 
1.33-1.25 (m, 18H), 0.88 (t, J = 7.0 Hz, 3H).     
13C NMR (100 MHz, CDCl3): δ 142.8 (C), 140.7 (C), 129.3(2 x CH), 126.5 (2 x CH), 56.4 (CH2), 
41.4 (CH3), 31.9 (CH2), 29.6 (CH2), 29.5 (CH2), 29.4 (CH2), 29.3 (CH2), 29.2 (CH2), 29.0 (CH2) 
28.9 (CH2), 28.0 (CH2), 22.7 (CH2), 22.5 (CH2), 21.5 (CH3), 14.1 (CH3). 
HRMS: C21H37NO3S2+Na calculated 438.2107, found 438.2097.   
 
4.10.4. Synthesis of (R)-(−)-N-(4-nitro-benzenesulfonyl) methyl n-tridecyl sulfoximine 
(228)107 
 
C13H27
S
CH3
N
S
O
O
NO2
O
 
 
A mixture of sulfoxide (R)-(−)-226 (0.28 mmol, 70 mg), Fe(OTf)2 (5 mol%), powdered MS 4Å 
(0.5 g/mmol), and PhI=NNs (125.8 mg, 0.37 mmol) in CH3CN (3 mL) was stirred at room 
temperature for 1.5 h. The solvent was evaporated in vacuuo and purified by column 
chromatography (ethyl acetate/pentane 1:1) to obtain (R)-(−)-228 as a white solid (82.0 mg, 
65%, >99% ee).  
 
M.p. = 100 - 101 °C. 
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[α]D= −4.4 (c=1.0, CHCl3) 
HPLC: Diacel Chiralcel AD-H column, n-heptane/2-propanol 9:1, 0.6 mL/min; 210 nm; t R 49.5 
min (major); t R 45.6 min (minor).  
IR (KBr): 3117, 3026, 2916, 2849, 1606, 1526, 1466, 1417, 1399, 1351, 1298, 1223, 1164, 
1073, 967, 854, 733, 681 cm−1. 
MS (CI, methane), m/z (relative intensity): 447.2 [M+; 100], 262.2 [25], 247.2 [24], 215.1 [8], 
173.1 [28], 156.1 [17], 107.2 [15], 97.2 [73].  
1H-NMR (400 MHz, CDCl3): δ 8.32-8.29 (m, 2H), 8.15-8.11 (m, 2H), 3.43-3.35 (m, 2H), 3.34 (s, 
3H), 1.94-1.77 (m, 2H), 1.47-1.1.39 (m, 2H), 1.31-1.23 (m, 18H), 0.86 (t, J= 6.8 Hz, 3H).  
13C-NMR (100 MHz, CDCl3): δ 149.2 (C), 141.1 (C), 128.2 (2 x CH), 124.2 (2 x CH), 56.7 (CH2), 
41.9 (CH3), 32.2 (CH2), 29.8 (CH2), 29.7 (CH2), 29.7 (CH2), 29.6 (CH2), 29.5 (CH2), 29.4 (CH2), 
29.1 (CH2), 28.2 (CH2), 22.9 (CH2), 22.7 (CH2), 14.3 (CH3).  
HRMS: C20H34N2O5S2+1 (C20H35N2O5S2) calculated 447.1982 found 447.1982. 
 
4.10.5. Synthesis of (R)-(−)-NH-methyl n-tridecyl sulfoximine (2)107 
 
S
C13H27 CH3
O NH
 
 
A mixture of sulfoximine (R)-(−)-228 (0.20 mmol, 90 mg), PhSH (32.9 µL, 0.32 mmol) and 
Cs2CO3 (118.2 mg, 0.36 mmol) was stirred at 30 °C for 9 h. Water was added to the reaction 
mixture and extracted with CH2Cl2 (3 x 5 mL). The organic layer was dried over anhyd. 
MgSO4 and solvent removed in vaccuo. The product was purified by column 
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chromatography (ethyl acetate: ethyl acetate/acetone: 1:1:0.2) to give (R)-(−)-2 as a white 
solid (51.0 mg, 96.8%).  
M.p. = 62.5 °C - 64.8 °C. 
[α]D= −2.2 (c=1.05, CHCl3) 
IR (KBr): 3289, 3008, 2914, 2848, 1650, 1548, 1466, 1375, 1313, 1188, 1100, 1011, 982, 936, 
764, 722, 663 cm−1. 
MS (CI, methane), m/z (relative intensity): 262.2 [M+; 100], 247.2 [8], 83.2 [7]. 
1H-NMR (400 MHZ, CDCl3): δ 3.70 (br.s, 1H), 3.07-3.03 (m, 2H), 2.95 (s, 3H), 1.86-1.77 (m, 
2H), 1.45-1.38 (m, 2H), 1.35-1.23 (m, 18H), 0.85 (t, J= 6.8 Hz, 3H). 
13C-NMR (100 MHZ, CDCl3): δ 57.4 (CH2), 43.1 (CH3), 32.1 (CH2), 29.8 (CH2), 29.8 (CH2), 29.8 
(CH2), 29.7 (CH2), 29.5 (CH2), 29.5 (CH2), 29.3 (CH2), 28.6 (CH2), 23.3 (CH2), 22.9 (CH2), 14.3 
(CH3).  
HRMS: C14H31NOS+1 (C14H32NOS) calculated 262.2199 found 262.2197. 
 
4.10.6. Synthesis of (R)-(−)-N-(4-nitro-benzenesulfonyl) methyl n-tridecyl sulfoximine (228) 
from (R)-(−)-NH-methyl n-tridecyl sulfoximine (2)107 
(R)-(−)-NH-Methyl n-tridecyl sulfoximine (2) (0.19 mmol, 50.0 mg) was dissolved in pyridine 
(1.0 mL) and nosyl chloride (0.21 mmol, 47.5mg) was added portion-wise to it while stirring 
vigorously. The mixture was stirred at room temperature for 18 h. The precipitate thus 
formed was filtered, the filtrate was dissolved in CH2Cl2 and washed with water (3 x 5 mL). 
The organic layer was collected and dried over anhyd. MgSO4. Purification by flash column 
chromatography led to (R)-(−)-N-(4-nitro-benzenesulfonyl) methyl n-tridecyl sulfoximine 
(228) as a white solid (46.2 mg, 54%, 99% ee). 
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M.p. = 100 - 101 °C. 
[α]D= −4.4 (c=1.0, CHCl3) 
HPLC: Diacel Chiralcel AD-H column, n-heptane/2-propanol 9:1, 0.6 mL/min; 210 nm; t R 48.5 
min (major); t R 45.2 min (minor).  
1H NMR (400 MHz, CDCl3): 8.32-8.29 (m, 2H), 8.15-8.11 (m, 2H), 3.43-3.35 (m, 2H), 3.34 (s, 
3H), 1.94-1.77 (m, 2H), 1.47-1.1.39 (m, 2H), 1.31-1.23 (m, 18H), 0.86 (t, J= 6.8 Hz, 3H).  
13C-NMR (100 MHz, CDCl3): δ 149.2 (C), 141.1 (C), 128.2 (2 x CH), 124.2 (2 x CH), 56.7 (CH2), 
41.9 (CH3), 32.2 (CH2), 29.8 (CH2), 29.7 (CH2), 29.7 (CH2), 29.6 (CH2), 29.5 (CH2), 29.4 (CH2), 
29.1 (CH2), 28.2 (CH2), 22.9 (CH2), 22.7 (CH2), 14.3 (CH3).  
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6. Appendix 
6.1. List of Abbreviations 
Å Angstrom  
Ac Acetyl 
acac Acetylacetonate 
anhyd. Anhydrous 
Aq. Aqueous 
BINAP 2,2'-bis(diphenylphosphino)-1,1'-binaphthyl 
Bn Benzyl 
Boc Tert-butyloxycarbonyl 
br Broad 
Bu Butyl 
C Centigrade 
c Concentration 
Calc. Calculated 
CHP Cumene hydroperoxide 
CI Chemical ionization 
CNS Central nervous system 
Cod Cyclooctadiene 
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conc. Concentrated 
CSA Camphorsulfonic acid 
d Doublet 
d Bond distance 
dba Dibenzylideneacetone 
DCM Dichloromethane 
DET Diethyltartarate 
DMEDA N,N-dimethylethyldiamine 
DMF Dimethylformamide 
DMSO Dimethyl sulfoxide 
Ed. Edition  
ee Enantiomeric excess 
Equiv. Equivalent 
ESI Electron spray ionization 
Et Ethyl 
eV Electron volt 
GC Gas chromatography 
h Hours 
HOSA Hydroxylamine-O-sulfonic acid 
HPLC High performance liquid chromatography 
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HRMS High resolution mass spectroscopy 
Hz Hertz 
IR Infrared spectroscopy 
iPr Isopropyl 
LTA Leadtetraacetate 
m Meta 
m Multiplet 
Me Methyl 
MHz Megahertz 
min Minutes 
Moc Methoxycarbonyl group 
MoLV Monoley Leukemia Virus 
M.P. Melting point 
MS Mass spectroscopy 
MS Molecular sieves 
MSH O-Mesitylenesulfonylhydroxylamine 
NBS N-Bromosuccinimide 
Ns Nosyl (p-Nitrosulfonyl) 
OMes O-mesitylenesulfonyl 
PG Protecting group 
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Ph Phenyl 
Phth Phthalimide 
PIDA Phenyliodine (III) diacetate/Iodobenzene diacetate  
pm Pico meters 
ppm Parts per million 
p-tol Para-tolyl 
QNHOAC 3-acetoxyamino-2-ethylquinazoline 
rt Room temperature 
RWTH Rheinisch-Westfälische Technische Hochschule 
s Singlet 
sat. Saturated 
Ses 2-Trimethylsilylethanesulfonyl 
t Triplet 
TBAF Tetrabutylammoniumfluoride 
TBDPS Tertbutyl diphenylsilane 
t-Bu Tertbutyl 
Tf Triflyl (trifluoromethane sulfonyl) 
TFA Trifluoroaceticanhydride 
TFAA Trifluoroaceticacid 
THF Tetrahydrofuran 
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TLC Thin-layer chromatography 
tpy Terpyridine 
tR Retention time 
Ts Tosyl (p-toluenesulfonyl) 
W Watt 
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